CHAPTER 2
PROPOSED ACTIONS AND ALTERNATIVES

Chapter 2 describes the processes and facilities that could be used to implement each of the alternatives
proposed for this Tank Closure and Waste Management Environmental Impact Statement for the Hanford Site,
Richland, Washington (TC & WM EIS).  Section 2.1 introduces the proposed actions addressed in this
TC & WM EIS and outlines the contents of Chapter 2. Section 2.2 describes the existing and proposed tank farm
operations and facilities and provides an overview of the various storage, retrieval, treatment, disposal, and
closure technologies considered in the analyses of the tank closure proposed actions. Section 2.3 describes the
existing Fast Flux Test Facility and auxiliary buildings; the status of ongoing deactivation activities, as well as
proposed decommissioning activities and various technologies for dispositioning the facilities; disposal of remote-
handled special components; and bulk sodium processing. Section 2.4 describes the existing Hanford Solid
Waste Operations Complex and proposed solid waste management activities. Section 2.5 describes the range of
alternatives evaluated in detail in this TC & WM EIS, including the No Action Alternatives. Section 2.6 summarizes
the other technologies and options that were initially considered for the proposed actions, but were not evaluated
in detail in this TC & WM EIS. Section 2.7 compares the TC & WM EIS alternatives and describes associated
technical and programmatic uncertainties.  Sections 2.8 and 2.9 summarize the short- and long-term
environmental impacts of the alternatives, respectively. Section 2.10 presents the key environmental findings and
conclusions drawn from the analyses. Section 2.11 provides a general discussion of the costs associated with

each alternative. The chapter concludes with a brief discussion of preferred alternatives in Section 2.12.

2.1 INTRODUCTION

As discussed in Chapter 1, the U.S. Department of Energy (DOE) is proposing three sets of actions in this
Tank Closure and Waste Management Environmental Impact Statement for the Hanford Site, Richland,
Washington (TC & WM EIS). The first set of proposed actions is to retrieve, treat, and dispose of waste
being managed in the high-level radioactive waste (HLW) single-shell tank (SST) and double-shell tank
(DST) farms at the Hanford Site (Hanford) and to close the SST system, which includes disposition of the

SSTs, ancillary equipment, and soils. The SST
(149 tanks) and DST (28 tanks) systems contain both
hazardous and radioactive waste (mixed waste). The
second set of proposed actions analyzed in this
environmental impact statement (EIS) is to
decommission Hanford’s Fast Flux Test Facility (FFTF)
and auxiliary facilities; manage the waste from the
decommissioning process, including certain waste
designated as remote-handled special components
(RH-SCs); and handle disposition of Hanford’s
inventory of radioactively contaminated bulk sodium
from FFTF and other facilities on site. The third set of
proposed actions involves various options for managing
the waste resulting from tank closure and other Hanford
activities, as well as limited volumes received from other
DOE sites.

Proposed Actions

Council on Environmental Quality National
Environmental Policy Act regulations

(40 CFR 1508.18) define a proposed action as
any “major Federal action” that may have major
effects and is subject to Federal control and
responsibility. Actions include new and
continuing activities such as projects and
programs entirely or partly financed, assisted,
conducted, regulated, or approved by Federal
agencies. The proposed actions analyzed in
this Tank Closure and Waste Management
Environmental Impact Statement for the
Hanford Site, Richland, Washington focus on
(1) closing the single-shell tank system;

(2) decommissioning the Fast Flux Test Facility;
and (3) managing solid waste at the Hanford
Site.

DOE has developed various alternatives to address the three sets of proposed actions described above. As
discussed in Chapter 1, Section 1.7, and throughout this chapter, there are 11 Tank Closure alternatives
and subalternatives, 3 FFTF Decommissioning alternatives; and 3 Waste Management alternatives:

Tank Closure Alternatives

Tank Closure Alternative 1: No Action

Tank Closure Alternative 2: Implement the Tank Waste Remediation System EIS Record of Decision with

Modifications
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e Tank Closure Alternative 2A: Existing WTP Vitrification; No Closure
e Tank Closure Alternative 2B: Expanded WTP Vitrification; Landfill Closure

Tank Closure Alternative 3: Existing WTP Vitrification with Supplemental Treatment Technology;
Landfill Closure

e Tank Closure Alternative 3A: Existing WTP Vitrification with Thermal Supplemental Treatment
(Bulk Vitrification); Landfill Closure

e Tank Closure Alternative 3B: Existing WTP Vitrification with Nonthermal Supplemental
Treatment (Cast Stone); Landfill Closure

e Tank Closure Alternative 3C: Existing WTP Vitrification with Thermal Supplemental Treatment
(Steam Reforming); Landfill Closure

Tank Closure Alternative 4: Existing WTP Vitrification with Supplemental Treatment Technologies;
Selective Clean Closure/Landfill Closure

Tank Closure Alternative 5: Expanded WTP Vitrification with Supplemental Treatment Technologies;
Landfill Closure

Tank Closure Alternative 6: All Waste as Vitrified HLW

e Tank Closure Alternative 6A: All Vitrification/No Separations; Clean Closure (Base and Option
Cases)

e Tank Closure Alternative 6B: All Vitrification with Separations; Clean Closure (Base and Option
Cases)

e Tank Closure Alternative 6C: All Vitrification with Separations; Landfill Closure
FFTF Decommissioning Alternatives

FFTF Decommissioning Alternative 1: No Action
FFTF Decommissioning Alternative 2: Entombment
FFTF Decommissioning Alternative 3: Removal

Waste Management Alternatives

Waste Management Alternative 1: No Action
Waste Management Alternative 2: Disposal in IDF, 200-East Area Only
Waste Management Alternative 3: Disposal in IDF, 200-East and 200-West Areas

The following sections provide an overview of current and proposed tank farm, FFTF, and waste
management activities and applicable technologies. Detailed descriptions of each Tank Closure, FFTF
Decommissioning, and Waste Management alternative are presented in Section 2.5.
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2.2 HANFORD TANK FARM SYSTEM CLOSURE ACTIONS

The waste being managed in the HLW tank system is the byproduct of producing plutonium and other

defense-related materials. From
1944  through 1990, chemical
processing facilities at Hanford
reprocessed irradiated or spent
nuclear fuel (SNF) use from
defense reactors to separate and
recover plutonium for weapons
production. As new, improved
reprocessing  operations  were
developed over the last 50 years,
processing efficiency improved,
and the waste compositions sent
to the tanks for storage have
changed both chemically and
radiologically. The B and
T Plants were the first separations
facilities built at the site. The
separations  processes  carried
out at these plants recovered
only plutonium; consequently,
all remaining components of
the dissolved fuel elements,
including uranium, were sent to
the waste tanks (DOE and
Ecology 1996:3-1).

Processes were later developed to
recover uranium, which was
recycled back into the reactor fuel
cycle. Many of the chemical
processes associated with
plutonium recovery from SNF
involved dissolving the material in
nitric acid. The resulting acidic
waste streams were made alkaline
by adding sodium hydroxide or
calcium carbonate before being
transferred to the tanks. These
processing steps produced large
volumes of sodium nitrate salts in

Waste Types Analyzed in This Environmental Impact Statement

Hazardous waste: A category of waste regulated under the Resource
Conservation and Recovery Act (RCRA) (42 U.S.C. 6901 et seq.). To
be considered hazardous, a waste must (1) be a solid waste under
RCRA; (2) exhibit at least one of the four characteristics described in

40 CFR 261.20 through 261.24 (ignitability, corrosivity, reactivity, or
toxicity); or (3) be specifically listed by the U.S. Environmental Protection
Agency (EPA) in 40 CFR 261.31 through 261.33. Hazardous waste may
also include solid waste designated as dangerous or extremely
hazardous waste by the State of Washington (WAC 173-303-070
through 173-303-100).

High-level radioactive waste (HLW): Highly radioactive waste material
resulting from reprocessing of spent nuclear fuel (SNF), including liquid
waste produced directly from reprocessing; any solid material derived
from such liquid waste that contains fission products in sufficient
concentrations; and other highly radioactive material that is determined,
consistent with existing law, to require permanent isolation

(DOE Manual 435.1-1).

Low-activity waste (LAW): Waste that remains after as much
radioactivity as technically and economically practical has been
separated from HLW that, when solidified, may be disposed of as
low-level radioactive waste (LLW) in a near-surface facility. In its final
form, such solid LAW would not exceed 10 CFR 61.55 Class C
radioisotope limits and would meet performance objectives comparable
to those in 10 CFR Part 61, Subpart C. At the Hanford Site, this is mixed
waste.

Low-level radioactive waste (LLW): Radioactive waste that is not
HLW, SNF, transuranic (TRU) waste, byproduct material as defined in
the Atomic Energy Act of 1954, as amended (42 U.S.C. 2011 et seq.), or
naturally occurring radioactive material.

Mixed waste: Waste that contains source, special nuclear, or byproduct
material that is subject to the Atomic Energy Act of 1954, as amended
(42 U.S.C. 2011 et seq.), as well as a hazardous component subject to
RCRA.

Transuranic (TRU) waste: Radioactive waste products containing more
than 100 nanocuries (3,700 becquerels) of alpha-emitting TRU isotopes
per gram of waste with half-lives greater than 20 years, except (1) HLW;
(2) waste that does not need the degree of isolation required by the
disposal regulations detailed in 40 CFR 191, as determined by the
Secretary of Energy with the concurrence of the EPA Administrator; or
(3) waste that the U.S. Nuclear Regulatory Commission has approved
for disposal on a case-by-case basis in accordance with 10 CFR 61.

the tanks (DOE and Ecology 1996:3-1).

The tank waste is categorized as liquid, sludge, or salt cake. Liquid tank waste is made up of water and
organic compounds that contain dissolved salts. Depending on their type, the liquid organic compounds
either are dissolved in the water or exist in separate phases of solution. Liquid is present in the tanks
either as supernatant liquid (where the volume is relatively free of solid particles and present in larger
pools) or as interstitial liquid (where the volume fills the interstitial spaces surrounding the sludge and salt
cake particles). Sludge is a mixture of insoluble (i.e., will not dissolve in-tank liquid) metal salt
compounds that have precipitated and settled out of solution after the waste was made alkaline. Salt cake
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is primarily sodium and aluminum salts that have crystallized out of solution during evaporation (DOE
and Ecology 1996:3-7, 3-8; Naiknimbalkar 2006:5).

These three types of waste exist in the tanks in numerous combinations and proportions, resulting in
complex waste combinations with varied physical and chemical properties. Sludge has been found with
consistencies from mud to hardened clay. Layers of organic compounds have been found in some tanks
floating on top of solid waste. Crusts have formed in some tanks where a layer of solid waste has formed
on top of the liquid (DOE and Ecology 1996:3-8).

DOE’s strategy for retrieving, treating, and disposing of the tank waste and closing the SST farms has
evolved based on information developed since issuance of the Tank Waste Remediation System, Hanford
Site, Richland, Washington, Final Environmental Impact Statement (TWRS EIS) (DOE and
Ecology 1996) Record of Decision (ROD) (62 FR 8693). The following items reflect this new
information and the proposed changes to DOE’s strategy.

e Changes in the design of, and preliminary performance projections for, the Waste Treatment
Plant (WTP) (currently under construction) are being proposed to extend its operations beyond
the original plan to operate the WTP for a 10-year period and to enhance its throughput compared
to facilities that were proposed in the TWRS EIS.

e New information indicates that use of large-scale treatment facilities in approximately 2012 to
immobilize waste not processed by the WTP, as identified in the TWRS EIS ROD, may be
prohibitively expensive (68 FR 1052).

e DOE believes there may be certain HLW storage tanks that it could demonstrate should be
classified as transuranic (TRU) waste based on the origin of the waste. This Draft 7C & WM EIS
evaluates the environmental impacts of managing this waste as TRU waste because it assumes the
historical processing data support this classification. For Tank Closure Alternatives 3 through 5,
this EIS evaluates treating the waste stream associated with the TRU waste portion as both TRU
waste and HLW because this waste has not gone through the TRU waste confirmation and
certification processes.

e DOE wants to consider nonvitrification treatment technologies for low-activity waste (LAW), if
this waste can be immobilized and disposed of on site while providing protection to the human

environment, comparable to LAW immobilized _ _
by vitrification (see Appendix E). Ancillary Equipment
Ancillary equipment within the single-shell
DOE’s present management of the Hanford tank farm | tank (SST) system, as established in the

system is consisting of four major components: Resource Conservation and Recovery Act
Part A permit, includes all subordinate tank

. . systems, vaults, transfer pipelines, pump pits,
SST system. This component includes 149 SSTs, valve pits, lift stations, catch tanks, unloading

ancillary equipment, and soils (from surface soils to the | stations, and any other components that have
soil interface with groundwater) within the HLW tank | been, are, or may be used to treat, store, or
farms and/or waste management area boundaries used to | transfer hazardous and/or mixed waste

: e within the boundary of the SST system.
support Hanford waste retrieval and storage activities. Appendix E, Section E.1.2.5.2, provides a

detailed description of these components.
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DST system.* This component includes 28 existing DSTs, ancillary equipment, and soils. It also
includes new retrieval and delivery systems that are currently under construction and (potentially) any
new DSTs needed to complete the DOE River Protection Project (RPP) mission.?

Waste treatment. This component includes existing and potential new pretreatment, vitrification, and
supplemental treatment facilities used to treat Hanford tank waste prior to disposal.

Waste disposal. This component includes existing and potential new facilities required for interim
storage and disposal of treated Hanford tank waste.

2.2.1 Tank Farm Operations and Facilities

The 149 SSTs, 28 DSTs, and ancillary equipment considered under the set of proposed actions for tank
closure are distributed among 18 tank farms located in the 200 Areas of Hanford. The 200 Areas are
divided into east and west components (200-East Area and 200-West Area), and each tank farm contains
2 to 18 tanks (see Figure 2-1 for a photograph of the tanks under construction). Figure 2-2 illustrates the
key components of the tank farm system and the range of tank waste remediation approaches considered
in this TC & WM EIS. As shown in Figures 2-3 and 2-4, the 200-West Area includes 6 SST farms
(S,SX, T, TX, TY, and U) and 1 DST farm (SY); the 200-East Area includes 6 SST farms (A, AX, B,
BX, BY, and C) and 5 DST farms (AN, AP, AW, AY, and AZ).

Also included in the tank farm system are
66 miscellaneous  underground  storage  tanks
(MUSTs), most of which are inactive.  These
MUSTSs are constructed of steel, concrete, or both, and
range in capacity from approximately 3,000 to
190,000 liters (800 to 50,000 gallons). The inactive
MUSTSs, which are smaller than the SSTs and DSTs,
were used for settling solids out of liquid waste before
decanting the liquid to cribs and trenches (ditches),
reducing the acidity of process waste, conducting
uranium recovery operations, collecting waste transfer
leakage, and performing waste handling activities and =3 - H
experiments.  Active MUSTs are still used as fjgyre 2-1. The Hanford Site’s Waste Tanks
receiver tanks during transfer activities or as Under Construction

catch tanks to collect potential spills and leaks.

(DOE 2003a:Table 6-29; Hebdon 2001). The closure of 18 of these 66 MUSTS is not within the scope of
this 7C & WM EIS (see Appendix E, Section E.1.2.1.1.1).

- i

' For analysis purposes, the DST system includes the 242-A Evaporator, which has a separate operating permit
from the DSTs.

A decision on closure of the DSTs is not part of the proposed actions because they are active components that are needed to
complete waste treatment. Closure of the DSTs would need to be addressed at a later date subject to appropriate National
Environmental Policy Act review. Some alternatives addressed by this EIS include closure of the SST system. Because DSTs
may be located in an area of the SST system being closed under these alternatives, the impacts associated with closure of all of
the DSTs (such as the impacts of filling the tanks and covering the tanks with a closure barrier) were evaluated.
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Figure 2-3. 200-West Area Tank Farm Location Map
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Waste was discharged directly to the ground from SSTs during the 1940s and 1950s as part of the early
plutonium and uranium recovery operations. Two types of disposal sites, cribs and trenches (ditches)
were used. Cribs are underground structures designed to distribute liquid waste, usually through a
perforated pipe, to the soil directly or to a connected tile field. Trenches (ditches) are depressions dug in
the ground that are open to the atmosphere and are designed for disposal of low- or intermediate-level
radioactive waste. Some of these cribs and trenches (ditches), specifically the B Cribs, BX Trenches,
BY Cribs, T Cribs, T and TX Trenches, and TY Cribs, are close to the SST farms. Because of this
proximity, it is sometimes difficult to clearly identify contamination sources in the groundwater and
vadose zone (Waite 1991:6, A-1). Therefore, these cribs and trenches (ditches) are included in the tank
farm analyses as a connected action under all of the Tank Closure alternatives considered in this
TC & WM EIS. The balance of the cribs, trenches (ditches), 18 MUSTS, and other waste sites at Hanford
are analyzed in Chapter 6.

The following sections describe the existing SST and DST farm facilities, as well as current DOE
activities associated with routine operations and maintenance, tank farm upgrades, and WTP construction.

2211 Single-Shell Tanks

The first 149 waste storage tanks constructed were SSTs. An SST is a single-wall underground storage
tank with carbon steel sides and bottom surrounded by a reinforced-concrete shell. The SSTs were built
from 1943 to 1964 to hold the liquid radioactive waste created by the production and separation of
plutonium. The numbers and nominal capacities of the SSTs are as follows (DOE 2003c:6-7):

25 tanks of 3.8-million-liter® (1-million-gallon) capacity (100-series)
48 tanks of 2.9-million-liter (758,000-gallon) capacity (100-series)
60 tanks of 2.0-million-liter (530,000-gallon) capacity (100-series)
16 tanks of 208,000-liter (55,000-gallon) capacity (200-series)

A representative illustration of each of these SST types is presented in Figure 2-5.

The total nominal holding capacity of the SSTs is approximately 356 million liters (94 million gallons).
The tanks currently contain approximately 120 million liters (32 million gallons) of radioactive and
hazardous waste (DOE 2003c:6-7). These tanks contain salt cake and sludge; most of their free liquids
were evaporated or transferred to the newer DSTSs to reduce the potential consequences of leaks.

The tops of the tanks are buried approximately 2.5 meters (8 feet) below ground to provide radiation
shielding. The larger tanks have multiple risers (shielded openings) that provide tank access from the
surface. These risers provide access points for monitoring instrumentation, video observation, tank
ventilation systems, and sampling. As analyzed in this 7C & WM EIS, 67 of the SSTs are known or are
suspected to have leaked liquid waste to the environment between the 1950s and the present, some of
which has reached the groundwater. However, it is likely that some of the tanks have not actually leaked.
Estimates of the total leak loss range from less than 2.8 million to as much as 3.97 million liters (750,000
to 1,050,000 gallons) (Hanlon 2003:B-13-B-15).

¥ To convert liters to cubic meters, divide by 1,000; cubic meters to cubic feet, multiply by 35.315.
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Source: Modified from DOE 2003a.

Figure 2-5. Cross-Sectional Views of Representative Hanford Site Single-Shell Tanks

2212 Double-Shell Tanks

The last 28 waste tanks constructed at Hanford were DSTSs built from 1968 to 1986. The DSTs contain a
carbon steel tank inside a carbon steel-lined reinforced-concrete tank. This design provides improved
leak detection and waste containment. To date, no leaks have been detected in the annulus, the space
between the inner and outer tanks that houses equipment to detect and recover waste in the event of a leak
from the inner tank. Like the SSTs, the DSTs are buried below ground and have risers for tank
monitoring and access. The numbers and nominal capacities of the DSTs are as follows
(DOE 2003c:6-7):

e 4 tanks of approximately 3.8-million-liter (1-million-gallon) capacity
o 24 tanks of approximately 4.4-million-liter (1.16-million-gallon) capacity

The DSTs have a total nominal holding capacity of 117 million liters (31 million gallons) and currently
contain approximately 85 million liters (22.5 million gallons) of radioactive and hazardous waste,
generally liquids and settled salts (DOE 2003c:6-8). Some tanks also contain a bottom layer of sludge. A
representative DST is illustrated in Figure 2-6.
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Figure 2-6. Cross-Sectional View of Representative Hanford Site Double-Shell Tank
2.2.1.3 DOE River Protection Project

Current RPP activities can be divided into three main areas: (1) routine operations and maintenance of the
tank farm system, (2) tank farm upgrades and construction projects, and (3) WTP construction. The
current program is based primarily on implementing Phase | of the Preferred Alternative identified in the
TWRS EIS, as discussed in Chapter 1, Sections 1.2.2 and 1.2.3. The Tank Closure alternatives evaluated
in this EIS (with the exception of the No Action Alternative) include the various activities needed to
complete treatment of the tank waste and provide final disposition of the SST system. The following
discussion presents an overview of current RPP activities. See Appendix E, Section E.1.1, for a more-
detailed description of RPP activities.

2.2.1.3.1 Routine Tank Farm Operations and Maintenance

Routine tank farm system operations entail waste retrieval and transfer operations, evaporation, SST
system closure activities, DST integrity assessments, and life extension activities. Included among these
activities are nondestructive examination (NDE) of the tank system, chemical adjustments to tank
contents to control corrosion, and upgrades to the 242-A Evaporator and 222-S Laboratory as needed to
support RPP activities. Interim stabilization of the SST waste was completed in April 2004, except for
tank S-102 (CH2M HILL 2004), and included stabilization pumping operations, transfer of waste to
double-walled receiver tanks and DSTs, and transfer of waste from the 200-West Area tank farms to the
200-East Area tank farms (cross-site transfer activities).

Routine tank farm operations also include regular system monitoring to ensure compliance with safety
basis, environmental, occupational safety and health, and other applicable regulatory requirements, as
well as administrative and technical support. More discussion on potentially applicable requirements is
provided in Chapter 8 of this EIS.
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Routine maintenance activities consist primarily of preventive and corrective actions to ensure equipment
remains operable and functional to support system operations. Such activities include maintenance of
SST and DST system components and the waste feed delivery system that is currently being constructed
to supply waste feed to the WTP.

2.2.1.3.2 Tank Farm Upgrades

Tank farm upgrade and construction projects are presently under way to provide systems for retrieval and
transfer of waste to the WTP and for storage or disposal of waste produced by the treatment process.
Additional projects include tank upgrades and completion of upgrades to the Canister Storage Building
(CSB) to provide interim storage of immobilized high-level radioactive waste (IHLW).

2.2.1.3.3 Waste Treatment Plant Construction

The WTP is currently under construction in the 200-East Area of Hanford; to date, approximately
40 percent of construction is complete (Bechtel 2008). As configured, the WTP will have four main
components: plants for pretreatment of tank waste, LAW vitrification, and HLW vitrification, as well as a
large Analytical Laboratory. The WTP is designed to receive tank waste via pipelines from the tank farm
systems, treat the waste, and convert the treated waste into a glass form for storage, pending disposal.
Current WTP activities include design, regulatory permitting and licensing, and construction.

2.2.2 Proposed Retrieval, Treatment, and Disposal of Tank Waste and Closure of the
Single-Shell Tank System

This section presents an overview of the key storage, retrieval, treatment, disposal, and closure
technologies and facilities that would be used at Hanford to implement the tank closure proposed actions.
The candidate locations of new facilities in the 200-West and 200-East Areas that are considered under
the proposed actions are illustrated in Figures 2-7 and 2-8, respectively. Final site selection for
technologies other than the WTP has not been implemented and would proceed only following the ROD
for this 7C & WM EIS. More-detailed descriptions of these proposed technologies and facilities are
presented in Appendix E, Section E.1. These are representative technologies, and their evaluation in this
EIS does not preclude the use of other retrieval approaches or modification of existing retrieval systems.
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2.2.2.1 Waste Retrieval and Storage

This section describes the proposed technologies for retrieving and storing waste from the SST and DST
systems that are analyzed in detail in this EIS. To support retrieval operations, these analyses also
consider the existing, modified, and new systems (if required) that would be used to store and manage the
waste pending retrieval.

22211 Retrieval Systems

Various retrieval technologies were evaluated to determine their ability to achieve certain established
waste retrieval benchmarks under the various Tank Closure alternatives. The four tank waste retrieval
benchmarks considered in this TC & WM EIS are 0 percent (Alternative 1), 90 percent (Alternative 5),
99 percent (Alternatives 2A, 2B, 3A, 3B, 3C, and 6C), and 99.9 percent (Alternatives 4, 6A, and 6B).
These waste retrieval benchmarks coincide with the following definitions for retrieval percentages, which
were developed from Milestone M-45-00 and Appendix H, “Single Shell Tank Waste Retrieval Criteria
Procedure,” of the Hanford Federal Facility Agreement and Consent Order (also known as the Tri-Party
Agreement [TPA]) (Ecology, EPA, and DOE 1989).

e A 0 percent retrieval involves no removal of tank waste. The 0 percent retrieval was analyzed
for the No Action Alternative.

e A 90 percent retrieval involves removing tank waste to achieve a residual waste volume equal to
102 cubic meters (3,600 cubic feet) for the 100-series SSTs and 8.5 cubic meters (300 cubic feet)
for the 200-series SSTs.

e A 99 percent retrieval involves removing tank waste to achieve a residual waste volume equal to
10.2 cubic meters (360 cubic feet) for the 100-series SSTs and 0.85 cubic meters (30 cubic feet)
for the 200-series SSTs.

e A 99.9 percent retrieval involves removing tank waste to achieve a residual waste volume equal
to 1 cubic meter (36 cubic feet) for the 100-series SSTs and 0.08 cubic meters (3 cubic feet) for
the 200-series SSTs.

The four retrieval systems analyzed in this 7C & WM EIS to attain these four benchmarks are modified
sluicing, the mobile retrieval system (MRS), vacuum-based retrieval (VBR), and chemical wash tank
cleaning. Other retrieval systems continue to be developed.

2.2.2.1.1.1 Modified Sluicing

Modified sluicing introduces liquid into the waste at low-to-
moderate pressures and volumes. At lower pressures and flow
rates, the retrieval action is primarily related to dissolution and
retrieval of soluble materials. At higher pressures and flow rates,
the retrieval action is related to both dissolution of soluble
materials and the breaking apart of solid materials (such as the salt
cake pictured in Figure 2-9) into a waste slurry. A transfer pump
inside the tank pumps the waste to a receiver tank (either a DST or
a waste receiver facility [WRF]) (DOE 2003b:4-2).  See
Appendix E, Section E.1.2.2.1, for a more-detailed discussion of ' R
modified sluicing. Figure 2-9. Crystallized Salt
Cake Inside One of Hanford
Site’s Waste Tanks

2-15



Draft Tank Closure and Waste Management Environmental Impact Statement for the
Hanford Site, Richland, Washington

Modified sluicing differs from the past-practice sluicing previously used to remove waste from more than
50 tanks at Hanford. Past-practice sluicing introduced sluicing liquid from a single sluice nozzle in bulk
fashion via a flooding action.

Modified sluicing, however, introduces sluice liquid from two to three sluicing nozzles in a controlled
fashion and pumps out the resultant waste slurry at approximately the same rate as the sluice liquid being
introduced. This operating strategy maintains minimal liquid inventories within the tank at all times
(DOE 2003b:4-2).

2.2.2.1.1.2 Mobile Retrieval System

The MRS uses an articulated-mast system and an in-tank vehicle to retrieve waste. The articulated-mast
system is located in the central region of the tank because the required, relatively large access riser does
not exist in other locations of the tank. The mast contains a waste vacuum system on an articulated arm
that can be rotated to reach the central portion of the tank and can support a sluice nozzle. The in-tank
vehicle can be moved around the entire tank to physically push the waste, carry a sluice nozzle, and carry
a vacuum hose-and-nozzle assembly. The waste is physically removed from the tank by first mobilizing
it, either physically using the in-tank vehicle or by pumping in sluice liquid, and then pumping it out of
the tank using a vacuum hose-and-nozzle assembly. At the end of the retrieval campaign, the in-tank
vehicle can be used to rinse the tank walls and in-tank equipment (DOE 2003b:4-3). See Appendix E,
Section E.1.2.2.2, for a more-detailed discussion of the MRS.

2.2.2.1.1.3 Vacuum-Based Retrieval

VBR uses little liquid; instead, it uses a vacuum system with air as the conveyance medium. The vacuum
system is deployed on an articulated-mast system positioned in the central region of the tank. The
vacuum system is similar to the MRS without the in-tank vehicle. The articulated-mast system has a
4.6-meter (15-foot) reach from the stationary mast and is capable of reaching the entire tank base of the
200-series SSTs (6-meter [20-foot] diameter), but only a portion of the tank base of the 100-series SSTs,
which have a 22.9-meter (75-foot) internal diameter (DOE 2003b:4-5). See Appendix E,
Section E.1.2.2.3, for a more-detailed discussion of VBR.

2.2.2.1.1.4 Chemical Wash Tank Cleaning

Following bulk waste removal and residual waste retrieval using the systems discussed above, additional
measures may be required to meet the target waste retrieval performance objectives established by the
closure criteria. These additional measures may be needed because (1) the base program retrieval method
may not directly meet the performance objective; (2) use of the base program method would require
significant operational time; or (3) continued use of the base program method would impact other tank
farm operations. For example, the MRS option may not be able to meet the performance objectives
because the in-tank equipment may not allow direct access to some regions within the tank
(DOE 2003b:4-4).

If this is the case for the retrieval approach(es) selected for a tank, then chemical cleaning may be
employed. An example of chemical cleaning would be the use of oxalic acid to dissolve the waste. Acids
or other chemicals can dissolve the waste into a solution that can be more readily removed from the tank.
The same methods used to deliver water or waste supernatant into a tank can be used to introduce other
chemicals, provided the construction materials have been selected accordingly. Likewise, the same
equipment used to remove waste can be used to remove the chemical cleaning solutions if the
construction materials are properly selected (DOE 2003b:4-4).

Specific chemicals to be used for Hanford tank waste retrieval could range from weak acids to strong
caustics and are likely to be selected on a tank-by-tank basis to optimize, among other factors,
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effectiveness in retrieving the residual waste, compatibility with the tank waste and proposed treatment
processes, and worker health and nuclear safety considerations (DOE 2003b:4-4, 4-5). See Appendix E,
Section E.1.2.2.4, for a more-detailed discussion of the chemical wash system.

2.2.2.1.15 Retrieval Strategy

Any of the technologies described in Sections 2.2.2.1.1 through 2.2.2.1.4 could be used to retrieve waste
from the SSTs and DSTs. All of the technologies are flexible with regard to the general configuration of
the equipment, fluid velocities and flow rates, and methods of operation. As such, tank-specific
considerations such as riser availability, waste condition, or in-tank interferences might advantage one
retrieval technology over another, leading to selection of that technology to retrieve waste from a
particular tank. For analysis purposes, the following waste retrieval technologies were evaluated in this
TC & WM EIS for the SST system.

e Modified sluicing would be implemented for 100-series SSTs that are not classified as known or
suspected leakers. Use would be limited to those tanks that are not classified as known or
suspected leakers because of concerns about the potential for leakage during retrieval, as well as
regulatory prohibitions against introducing liquids into leaking tanks. A number of tanks
classified as known or suspected leakers may be candidates for use of modified sluicing after
further evaluation of historical leak data. Based on current design information, modified sluicing
is expected to be capable of retrieving waste to both the 90 percent and 99 percent retrieval
benchmarks, but is not expected to be capable of achieving 99.9 percent retrieval.

e The MRS would be used to retrieve waste from 100-series SSTs that are classified as known or
suspected leakers. This technology would retrieve the waste using lower liquid volumes, thereby
reducing the potential volume of a retrieval leak, should one occur. Based on current design
information, the MRS is expected to be capable of retrieving waste to both the 90 percent and
99 percent waste retrieval benchmarks, but is not expected to be capable of achieving
99.9 percent retrieval.

e VBR would be used to retrieve waste from the 200-series tanks, MUSTs, and WRFs. This
technology is flexible because it can be operated as a dry vacuum retrieval method, but liquid also
can be introduced near the vacuum head if necessary, depending on the type of waste to be
retrieved. This technology is suited for use in small tanks, and it would minimize the potential
for leakage in some of the 200-series tanks that are classified as known or suspected leakers.
Based on current design information, the VBR system is expected to be capable of retrieving
waste to both the 90 percent and 99 percent waste retrieval benchmarks, but is not expected to be
capable of achieving 99.9 percent retrieval.

e Tank chemical cleaning (coupled with the MRS and the VBR system) is capable of retrieving
99.9 percent of the waste in the tanks. This technology was selected based on the uncertainty
associated with achieving 99.9 percent retrieval using modified sluicing, the MRS, or the VBR
system.

Retrieval systems for DSTs have been designed and installed in select DSTs to support waste feed
delivery for the WTP. These retrieval systems consist of a combination of mixer and retrieval pumps that
are designed to slurry the contents of the tank and pump the waste out of the tank into the transfer system.
It was assumed that the current operational DST retrieval systems are capable of retrieving 90 percent of
the waste. For retrieval of DST waste to 99 or 99.9 percent, installation of additional equipment was
assumed necessary. To be consistent with the retrieval methodology selection process articulated for
SSTs, the modified sluicing system was assumed to be used in DSTs where 99 percent waste retrieval is
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required; the MRS with a chemical wash was assumed to be used in DSTs where 99.9 percent waste
retrieval is required.

22212 Leak Detection Monitoring

Detection, monitoring, and mitigation of liquid releases from SSTs during waste retrieval operations are
problematic because of the physical limitations of the existing tank system. Currently available leak
detection and monitoring technologies to support waste retrieval include dry-well monitoring, chemical
process mass balance, static-liquid-level observation, and high-resolution resistivity. Performance
limitations are associated with all four of these leak detection technologies, and current plans for near-
term waste retrieval include the combined use of all. It is likely that SST leak detection strategies and
technologies will continue to evolve. For the purpose of estimating the resources required to implement
these leak detection technologies, the leak detection and monitoring system evaluated in this
TC & WM EIS for use during SST waste retrieval consists of the following (DOE 2003b:4-6, 4-7):

Dry-well monitoring

Chemical process mass balance
Static-liquid-level observation
High-resolution resistivity

Dry-well monitoring, chemical process mass balance, and static-liquid-level observation have been
previously used as leak detection methods at Hanford. High-resolution resistivity has been tested at
Hanford and is now the primary leak detection system being used during tank waste retrieval. To
conservatively estimate the potential impacts associated with use of SST leak detection and monitoring
technologies, this 7C & WM EIS assumes that each of these technologies would be used for each tank,
even though some SST system tanks may require use of only a subset of these technologies. This
approach also supports the Tank Closure Alternatives 4 and 6 analyses, which call for enhanced leak
detection systems.

The DSTs have secondary containment, consisting of a primary steel liner and a secondary steel liner,
separated by an annulus (see Figure 2-6). This annulus functions by detecting tank leaks, quantifying the
liquid waste released in the event of a leak, and reducing the potential environmental impact should a leak
occur. No leakage was assumed to occur from the DSTs during retrieval operations because the DSTs
have provisions for leak containment and collection (DOE 2003b:4-11).

22213 Internal Tank Interferences

Internal tank equipment/instrumentation could pose difficulties during tank retrievals. Figure 2-10
illustrates the general arrangement of this in-tank equipment in a typical SST. For modified sluicing, the
equipment/instrumentation could create areas (shadows) behind the equipment that could not be reached
with the sluice liquid. For the MRS, the equipment/instrumentation could create obstructions around
which the in-tank vehicle would have to maneuver. Common in-tank equipment in SSTs that could
potentially interfere with retrieval equipment includes the following (DOE 2003b:4-11):

Temperature thermocouple assemblies
Tank waste surface-level probes
Liquid-observation wells

Solids-level detectors

Salt well screens
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Figure 2-10. Representative Single-Shell Tank and In-Tank Equipment

Other in-tank interferences that may inhibit waste retrieval efforts include cement and bentonite, which
were added to some tanks to absorb liquid, as well as other miscellaneous debris, including the following
(DOE 2003b:4-13):

e Poly bottles (one tank in the SX tank farm)
o Plastic bottles (one tank in the SX tank farm)

o Ceramic balls, stainless steel capsules, and experimental fuel elements (one tank in the U tank
farm)

Figure 2-11 illustrates the general arrangement of this in-tank equipment in a typical DST. Common
in-tank equipment in DSTs that could potentially interfere with retrieval equipment includes the following
(DOE 2003b:4-12):

e Surface-level probes
e Solids-level detectors
e Temperature thermocouple assemblies

In specific instances, other equipment (e.g., pumps, air-lift circulators) has been left in the SSTs and
DSTs that could potentially create additional interferences during retrieval and closure operations.
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Figure 2-11. Representative Double-Shell Tank and In-Tank Equipment
22214 Transfer Systems
The two approaches for transferring waste are as follows:

o Between tanks (e.g., from SSTs to DSTs and from DSTSs to other DSTS)
e From tanks to treatment facilities (e.g., from SSTs, DSTs, or WRFs to treatment facilities)

This section addresses existing transfer approaches and their possible future augmentation, including
piping, container transport, and WRFs. Waste transfer is discussed in more detail in Appendix E,
Section E.1.2.2.7.

Existing transfer lines. None of the existing SST transfer piping would be used because (1) the
pipelines are of single-wall construction and are noncompliant with current regulations; (2) some of the
pipelines are plugged; (3) many of the pipelines leak; and (4) the pipelines are up to 60 years old.

An extensive existing system of underground piping connecting all of the DSTs is operated routinely.
This piping would be used for final retrieval of DST waste. In particular, waste removed from DSTSs in
the 200-West Area would be transferred to selected DSTs in the 200-East Area through the existing
underground cross-site transfer system that connects the DSTs in the 200-East Area to the SY tank farm
in the 200-West Area (DOE 2003b:4-14, 4-15).

Waste from various DSTs in the 200-East Area also would be transferred through existing underground
pipelines to DSTs in the AP tank farm, then through a new underground pipeline to the WTP. The DST
transfer system would continue to service the DSTs through the end of the mission. Processes involved in
operating underground waste transfer lines would include pumping waste from the source tank to the
receiver tank; recycling supernatant back to the source tank if required; flushing the lines after the waste
has been transferred; and verifying the volume transferred by material balance. In addition, monitoring
and periodic leak testing of transfer lines would be conducted (DOE 2003b:4-15).

Use of hose-in-hose transfer lines. The Hanford Site utilizes a hose-in-hose transfer line (HIHTL)
configuration on or near the surface. Interim stabilization project efforts have used this transfer line
approach together with the single- and double-walled underground transfer lines (DOE 2003b:4-15).
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Future waste transfer systems. Existing transfer lines would be used to retrieve waste from DSTs and
WREFs to the extent practicable. Because the DST transfer system would continue to service the DSTs
through the end of the mission and the SST transfer system offers limited utility, future transfer system
upgrades would be oriented primarily to service the SSTs through the use of HIHTL. The two primary
methods available for transferring tank waste are pipeline and container transport (DOE 2003b:4-15). For
analysis purposes, this TC & WM EIS assumes the tank waste would be transferred predominantly by
pipeline with no loss from leaks. This does not preclude, however, transfers via other safe means when
appropriate.

The modified sluicing system, MRS, and VBR system would make extensive use of HIHTL. The MRS
and VBR system previously engineered for tank 241-C-104 include approximately 457 meters
(1,500 feet) of HIHTL; the modified sluicing system for tank 241-S-112 includes approximately
229 meters (750 feet) of HIHTL (DOE 2003b:4-15). These HIHTL lengths were assumed to be suitable
for analyzing all applications of the modified sluicing system, MRS, and VBR system, as well as
sufficient to transfer waste beyond the tank farm boundary or to nearby supplemental treatment facilities,
but insufficient to deliver waste to more-distant locations.

New underground transfer lines would be used to transfer waste beyond the distances of the HIHTL. The
general configuration of the SST farms suggests that the maximum distances for underground transfer
lines would be from the B tank farm complex to the 200-East Area DSTs and from the T tank farm
complex to the 200-West Area DSTs. For analysis purposes, the 200-East Area destination was
designated as the AY/AZ DST farm because of its location relative to the B tank farm complex. The
200-West Area destination was designated as the SY DST farm because it is the only DST farm in the
200-West Area.

2.2.2.15 Waste Receiver Facilities

Storage and waste treatment facilities may be required to facilitate waste transfers. One option is the
construction and operation of WRFs that contain the tanks and process piping needed to provide
temporary storage and simple waste conditioning capabilities, including dissolution, dilution, and size
reduction of particles suspended in the waste slurry. The general configuration of a WRF is depicted in
Figure 2-12. WRFs accumulate waste during retrieval; condition waste by dissolution, dilution, or size
reduction of particles; and provide batches of waste for subsequent transfer. The WRFs could also be
used to recirculate sluicing liquids back to the SSTs. Not all SST retrievals were assumed to require the
use of WRFs.

Grade —\ Crane area /_ Grade

Process Ll 0 8 Y [ 8 A e Y|
cell | 568,000- 568,000- | 568,000-
Liter ||  Liter | Liter

waste | waste '\ waste

storage || storage | storage

tank tank | tank

Note: To convert liters to gallons, multiply by 0.26417.
Source: DOE 2003b.

Figure 2-12. Cross-Sectional View of Representative Waste Receiver Facility
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2.2.2.2 Waste Treatment

Waste treatment includes the methods, processes, and associated facilities used to change the physical or
chemical character of the tank waste to render it less hazardous; make it safer to transport, store, or
dispose of; or reduce its volume. This section describes the proposed technologies evaluated in this
TC & WM EIS supporting WTP treatment and pretreatment, supplemental treatment of LAW, and
supplemental treatment of tank mixed TRU waste.

Waste Treatment Technologies Analyzed in This Environmental Impact Statement

Waste Treatment Plant (WTP) pretreatment and vitrification. The WTP Pretreatment Facility would remove
selected radionuclides and high-level radioactive waste (HLW) solids from retrieved tank waste to produce an
HLW stream and a low-activity waste (LAW) stream. The HLW stream would be routed to the WTP HLW
Vitrification Facility, and the LAW stream would be routed to the WTP LAW Vitrification Facility. At each
vitrification facility, the pretreated waste would be combined with glass-forming materials and melted to produce a
molten glass waste form that would be poured into stainless steel containers for cooling into a solid for storage,
pending disposal. Hazardous and radioactive constituents would be removed or immobilized through this
vitrification process.

Bulk vitrification. This thermal supplemental treatment process would convert LAW into a solid glass form by
drying the waste, mixing it with soil, and applying electrical current to it within a large steel waste disposal
container.

Steam reforming. This thermal supplemental treatment process would dilute LAW with water to transform it into
a pumpable liquid. Using steam, this liquid would be converted to granular minerals suitable for packaging as a
free-form granulated material.

Cast stone. This nonthermal supplemental treatment process would mix LAW with grout-formers (e.g., Portland
cement, fly ash, slag) and -conditioners to produce a liquid-grout stream that would then be cast into containers
for solidification into a cement matrix.

Mixed transuranic (TRU) waste supplemental treatment. Some types of Hanford tank waste are candidates
for designation as mixed TRU waste. Under some alternatives, this waste would be packaged for eventual
disposal at the Waste Isolation Pilot Plant (WIPP) near Carlsbad, New Mexico, instead of being vitrified in the
WTP HLW melter. Before packaging, the mixed TRU waste (both supernatants and sludges) would be
dewatered. The resulting liquids would be sent for treatment in the WTP, while the solid waste would be
packaged for eventual disposal at WIPP.

Separations processes. Some waste stored in the 200-West Area tank farms would not be pretreated in the
WTP Pretreatment Facility. Instead, under some Tank Closure alternatives, the waste feed from 35 tanks that
have been tentatively identified as containing low cesium-137 concentrations would be separated in a new
Solid-Liquid Separations Facility in the 200-West Area to avoid the necessity of cross-site transport. Separations
processes at this new facility may include selective dissolution and solid-liquid separations (gravity settling and/or
decanting).

Sulfate removal. The presence of sulfate in the supernatant portion of the waste in many Hanford tanks poses
potential technical and economic risks for the LAW vitrification process. If a separate, corrosive molten sulfur salt
layer were to form and be allowed to accumulate, it could damage the LAW melter. Removal of sulfate from LAW
after pretreatment, but before vitrification, could mitigate this problem and increase waste-loading, which would
reduce the amount of immobilized low-activity waste (ILAW) glass produced in the WTP.

Technetium-99 removal. This WTP process would remove technetium-99 from the pretreated LAW stream via
ion exchange. After removal, the technetium-99 would be blended with HLW solids for feed to HLW vitrification.

Cesium and strontium capsule treatment. Cesium and strontium would be extracted from storage capsules
and prepared into a slurry waste stream. The slurry would then be treated in the WTP, resulting in an
immobilized final waste form.
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These waste treatment technologies are described in more detail in Appendix E, Section E.1.2.3.

22221 Waste Treatment Plant

The WTP is the cornerstone of tank waste
treatment and is represented in each Tank
Closure alternative in various
configurations. The WTP is already under
construction, having been analyzed in the

Waste Treatment Plant

The Waste Treatment Plant (WTP) is currently being
constructed at the Hanford Site. Site work associated with the
project began in late 2001. As of fall 2008, project construction

was approximately 40 percent complete. When completed, the
WTP will be the largest radiochemical processing facility in the
world. It will occupy 26 hectares (65 acres) and be composed
of 38,000 tons of steel, 300 kilometers (1 million feet) of piping,
1,500 kilometers (5 million feet) of electrical cable, and
203,000 cubic meters (265,000 cubic yards) of concrete.

The WTP will consist of four major facilities: the Pretreatment
Facility, Low-Activity Waste Vitrification Facility, High-Level
Radioactive Waste Vitrification Facility, and an Analytical
Laboratory.

1996 TWRS EIS and three supplement
analyses. However, under several of the
alternatives evaluated in this
TC & WM EIS, the WTP configuration and
throughputs could change beyond those
represented in the TWRS EIS. As such,
construction, subsequent operations, and
deactivation of the WTP from 2006
onward was analyzed under each
TC & WM EIS alternative to establish a
common reference point against which the impacts of other configurations and throughputs could be
compared. Appendix E, Section E.1.2.3.1, provides an in-depth discussion of the WTP.

The WTP as it is currently being constructed includes four primary facilities: a Pretreatment Facility; an
HLW Vitrification Facility housing two 3-metric-ton melters with a combined theoretical maximum
capacity (TMC) of 6 metric tons of glass IHLW per day; a LAW Vitrification Facility housing two
15-metric-ton melters with a combined TMC of 30 metric tons of glass immobilized low-activity waste
(ILAW) per day; and an Analytical Laboratory.*

The general configuration of the WTP is depicted in Figures 2-13 and 2-14. The WTP would receive
HLW feed solutions and slurries transferred by pipeline for pretreatment and immobilization by
vitrification. The pretreatment process would remove selected radionuclides (cesium, strontium, and
transuranics), separate the HLW solids, and leach those solids to remove nonradioactive components that
drive up total IHLW glass volume. The pretreated aqueous feed (referred to as the “LAW feed”) would
be routed to the LAW Vitrification Facility. The separated radionuclides and pretreated solids would be
routed to the HLW Vitrification Facility.

* The LAW Vitrification Facility was originally designed to produce 30 metric tons of glass ILAW per day with three melters.

Improvements in melter technology have demonstrated that a 30-metric-ton-of-glass-per-day vitrification capacity can be
achieved with two melters. Construction of the LAW Vitrification Facility is proceeding; as presently designed, this facility
will have two melters with a TMC of 30 metric tons of glass ILAW per day. Two approaches to providing the additional
LAW vitrification capacity needed to accelerate treatment of the tank waste are addressed in this 7C & WM EIS. The first
approach is installation of additional melter capacity (e.g., a third LAW melter) in the LAW Vitrification Facility currently
under construction as part of the WTP, bringing the total design capacity from a TMC of 30 metric tons of glass per day to a
TMC of 45 metric tons of glass per day (Tank Closure Alternative 5). Installation of additional melter capacity in the LAW
Vitrification Facility, though technically possible, would require design modifications for additional infrastructure tie-ins. The
second approach includes installation of this additional melter capacity in the LAW Vitrification Facility now being
constructed, as well as construction of a second LAW Vitrification Facility to achieve a total TMC of 90 metric tons of glass
per day (Tank Closure Alternatives 2B, 6B, and 6C).
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Figure 2-13. Waste Treatment Plant Facilities

Figure 2-14. Aerial View of Waste Treatment Plant Construction Site, February 2008
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The vitrification process would combine the pretreated tank waste with glass-forming materials and melt
the mixture at high temperatures (approximately 1,150 degrees Celsius [2,100 degrees Fahrenheit]) into a

liquid that would be poured into stainless steel containers.
After the glass cools and hardens, each container would be
sealed and decontaminated in preparation for storage and
permanent disposal. The dangerous waste and radioactive
constituents would be either destroyed or immobilized in
this durable glass matrix through the vitrification process.
The offgas from the processes would be treated to a level
compliant with regulations protecting human health and the

Secondary Waste

Secondary waste is waste generated as a
result of other activities, e.g., waste
retrieval or waste treatment, that is not
further treated by the WTP or supplemental
treatment facilities, and includes liquid and
solid wastes. Liquid waste sources could

include process condensates, scrubber
wastes, spent reagents from resins, offgas
and vessel vent wastes, vessel washes,
floor drain and sump wastes, and
decontamination solutions. Solid waste
sources could include worn filter
membranes, spent ion exchange resins,
failed or worn equipment, debris, analytical
laboratory waste, HEPA filters, spent
carbon adsorbent, and other process-
related wastes. Secondary waste can be
characterized as LLW, MLLW, TRU waste,
or hazardous waste.

environment. IHLW glass would be placed in canisters
0.6 meters (2 feet) in diameter by 4.6 meters (15 feet) long,
each with a capacity of approximately 3.2 metric tons.
ILAW glass would be placed in containers 1.2 meters in
diameter by 2.3 meters long (4 feet in diameter by 7.5 feet
long), each with a capacity of 6 metric tons.

The various WTP processes (e.g., pretreatment, vitrification,
and offgas treatment) would generate secondary waste. This
secondary waste would be transferred to accumulation or
storage facilities at the WTP and then either transferred to
onsite storage facilities or transported to offsite facilities
(e.g., TRU waste could be transported to the Waste Isolation Pilot Plant [WIPP] near Carlsbad, New
Mexico), as appropriate. Nonradioactive dangerous waste could be generated by operations, laboratory,
and maintenance activities. This waste would be managed at the WTP until it could be released for
transfer to a permitted disposal facility. The secondary waste associated with each of the WTP processes
is detailed in the Appendix E.

2.2.2.2.2 Thermal Supplemental Treatment: Bulk Vitrification

Thermal supplemental treatment would be used to treat a portion of the tank waste under Tank Closure
Alternatives 3A, 4, and 5. Bulk vitrification is one of the two representative thermal supplemental
treatment processes analyzed in this T7C & WM EIS (the other is steam reforming) that may be used to
immobilize LAW in a non-WTP vitreous waste form. Analysis of either of these representative processes
(bulk vitrification and steam reforming) does not preclude potential consideration of other suitable
thermal supplemental treatment technologies. However, if it were determined that the impacts of these
other technologies were outside the envelope of impacts analyzed in this 7C & WM EIS, further National
Environmental Policy Act (NEPA) analyses would be required.

Waste feeds to the bulk vitrification process from the 200-East Area tank farms would consist of LAW
resulting from pretreatment of waste in the WTP Pretreatment Facility. Waste feeds to the bulk
vitrification process from the 200-West Area tank farms would consist of LAW separated in a new Solid-
Liquid Separations Facility (see the discussion in Section 2.2.2.2.6). The bulk vitrification process would
convert the LAW into a solid glass by drying the waste, mixing it with soils from onsite sources, and
applying an electrical current within a large steel container. A temporary offgas hood would be placed
over the LAW-filled steel container, and graphite electrodes would be inserted into the waste. The
mixture of waste and soils and/or sand would then be melted into liquid glass by passing electrical current
to the electrodes. Air emissions would be collected by the offgas hood and directed to an offgas treatment
system.
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Bulk Vitrification Facilities may be placed in both the 200-East and 200-West Areas. Construction and
operation of a 200-East Area facility was analyzed under Tank Closure Alternative 3A. In addition,
construction and operation of a 200-West Area facility was analyzed under Tank Closure Alternative 3A,
4, and 5.

Regardless of location, each Bulk Vitrification Facility is currently configured to have parallel processing
lines that can process more than one vitrification container at a time. Two rectangular, steel roll-off boxes
would typically be processed in parallel. The 2.4-meter-wide by 3.0-meter-high by 7.3-meter-long
(8-foot-wide by 10-foot-high by 24-foot-long) boxes could be staged to accommodate approximately
42.6 metric tons of glass waste. The boxes would be allowed to cool for approximately 3 days before
being transferred to a disposal site (DOE 2003d:4-10, 6-70; SAIC 2007).

The vitrified waste form contained inside the boxes would consist of a mixture of waste glass and
crystalline materials and likely have an appearance similar to obsidian (a dark, volcanic glass). Generally,
glass is one of the better-performing waste forms for containment of radioactive and hazardous waste
because its high concentrations of silicon dioxide and aluminum oxide provide both durability and leach
resistance. The waste vitrification process would result in an approximate net volume reduction of
one-third to one-half due to the loss of volatile components and a reduction of void space from melting.
Based on the assumptions used in this analysis, the estimated waste loading of the vitrified waste product
would be 20 weight-percent sodium oxide (DOE 2003d:4-10). See Appendix E, Section E.1.2.3.6, for a
more-detailed discussion of thermal supplemental treatment.

2.2.2.2.3 Thermal Supplemental Treatment: Steam Reforming

Steam reforming, the second of the two representative thermal supplemental treatment processes analyzed
in this TC & WM EIS for immobilizing LAW, is proposed for treating a portion of the tank waste under
Tank Closure Alternative 3C. Steam reforming is used extensively in nonradioactive processing in the
petroleum industry and has recently been used to treat radioactive waste. The steam reforming process
would begin with the receipt of pretreated waste or retrieved LAW and the dilution of this LAW stream
with water. Dilution of the tank LAW is required to transform the waste feed into a pumpable liquid that
can be introduced into a fluidized-bed vessel. Within this vessel, the water would be volatilized (heated
into steam); the LAW material would be converted to granular minerals; and organic compounds, nitrate,
and nitrite would decompose. The offgas from the steam reforming process would be treated to remove
radionuclides and other pollutants before discharge. The mineralized product resulting from the steam
reforming process is assumed to be suitable for packaging as a free-form granulated material. This steam
reforming waste would be placed in 2.25-cubic-meter-volume (3.0-cubic-yard-volume) steel packages for
disposal or storage. Based on the assumptions used in the 7C & WM EIS analysis, the estimated waste
loading of the steam reforming waste would be 19.8 weight-percent sodium oxide (SAIC 2007). Steam
reforming facilities may be placed in both the 200-East and 200-West Areas. The 200-East Area Steam
Reforming Facility would be located near the WTP and would accept a portion of the LAW generated
from the WTP Pretreatment Facility (other portions would be treated in either the WTP LAW
Vitrification Facility or the WTP HLW Vitrification Facility). The 200-West Area Steam Reforming
Facility would accept LAW generated by the Solid-Liquid Separations Facility from separating the waste
contained in the 35 SSTs with low cesium-137 concentrations via settling and decanting processes that
would reduce the solids content of the waste.

2.2.2.24 Nonthermal Supplemental Treatment: Cast Stone

Cast stone, the representative nonthermal supplemental treatment process that is analyzed in this
TC & WM EIS, would be used to treat a portion of the tank waste under Tank Closure Alternatives 3B, 4,
and 5. The cast stone process would be used to immobilize LAW in a cementitious waste form. Analysis
of this representative process does not preclude potential consideration of other suitable nonthermal
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supplemental treatment technologies to treat this waste. However, if it were determined that the impacts
of these other technologies were outside the envelope of impacts analyzed in this 7C & WM EIS, further
NEPA analysis would be required.

The cast stone supplemental treatment process involves mixing LAW with a Portland-cement-type grout,
pumping it into disposal containers, and allowing it to solidify. Waste feeds to the cast stone process
would consist of LAW separated in the new Solid-Liquid Separations Facility or LAW that has been
pretreated in the WTP Pretreatment Facility. Storage vessels may be needed for Portland cement, fly ash,
slag, and stabilizing chemicals if the dry blend mixture cannot be procured. Waste feeds would be
directly transferred from retrieval operations or staged in a receiver tank. Waste and grout additives
would be mixed and poured into 1.2-meter by 1.2-meter by 2.4-meter (4-foot by 4-foot by 8-foot)
container boxes, each holding approximately 5.4 metric tons of cast stone waste. The cast stone waste
containers would be managed using standard industrial handling equipment (DOE 2003d:4-11, 6-98).

The addition of grout-forming materials would increase the cast stone waste volume by approximately
1.4 times the feed volume. Based on the assumptions used in this analysis, the estimated waste loading of
the cast stone product would be 7.8 weight-percent sodium oxide (DOE 2003d:6-96). It is possible that
actual cast stone waste formulations would be tailored to adjust for batch-to-batch variations as waste is
retrieved from different tanks. Use of grout on a wide variety of radioactive wastes has been documented
for over 30 years. The cast stone process does not require development of any unique process equipment.
See Appendix E, Section E.1.2.3.7, for a more-detailed discussion of nonthermal supplemental treatment.

Cast stone facilities may be placed in one or both of the 200-East and 200-West Areas. Construction and
operation of a 200-East Area Cast Stone Facility are analyzed in Alternatives 3B, 4, and 5. Construction
and operation of a 200-West Area Cast Stone Facility are analyzed under Tank Closure Alternative 3B.

2.2.2.2.5 Tank-Derived Mixed Transuranic Waste Supplemental Treatment

Presently, 20 Hanford underground storage tanks (17 SSTs and 3 DSTs) contain waste types that are
candidates for classification as mixed TRU waste. Under
Alternatives 3A, 3B, 3C, 4, and 5, approximately

Contact-handled transuranic waste has a

11.8 million liters (3.1 million gallons) of waste that could
be designated as mixed TRU waste would be retrieved
from the tanks, treated, and packaged for eventual disposal
at WIPP instead of being turned into a vitrified waste form
in the WTP. As additional waste process records are
reviewed, additional tanks may be identified as containing
waste that can be designated as mixed TRU waste
(DOE 2003d:6-118).

For analysis purposes in this 7C & WM EIS it was
assumed that mixed TRU waste would be segregated into
two categories: contact-handled (CH) and remote-handled
(RH). Reviews of the process history and tank inventory
data indicate that the waste in 11 of the SSTs may be

radiation level less than or equal to

200 millirem* per hour at the surface of a
waste container and can be safely handled
by direct contact.

Remote-handled transuranic waste is
packaged transuranic waste whose external
surface dose rate exceeds 200 millirem per
hour. This waste requires special shielding
and handling to protect workers and the
public.

* A millirem (one-thousandth of a rem) is a unit of
measure of absorbed ionizing radiation used to
assess the biological effects of a given dose of
any type of radiation.

processed using CH methods, but the waste in the remaining 6 SSTs and 3 DSTs would likely need to be
processed using RH methods. These specific tanks and their associated waste volumes are detailed in
Appendix E, Table E-6.

Mixed TRU waste (liquids and sludges) would first be retrieved from underground storage tanks and
transferred to either the CH-Mixed TRU Waste Facilities or RH-Mixed TRU Waste Facility for
dewatering and packaging. The liquids extracted during the dewatering process would be transferred to
the DST system for treatment in the WTP. The resulting waste package configuration (drums or waste
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boxes) would need to meet WIPP disposal requirements, as well as requirements for transportation and
interim storage on site in a new TRU Waste Interim Storage Facility. For analysis purposes, this
TC & WM EIS conservatively assumes that the mixed TRU solid tank waste would be packaged for
disposal in 208-liter (55-gallon) drums, each filled with approximately 151 liters (40 gallons) of sludge
and 57 liters (15 gallons) of absorbent material (DOE 2003d:4-13, 6-140, 6-143). After being filled, the
containers would be closed with a bolted lid. The RH-mixed TRU waste and CH-mixed TRU waste
process systems would be similar. The difference would be that all RH-mixed TRU waste packaging
operations would be conducted remotely in the RH-Mixed TRU Waste Facility, which would be
permanently located in the 200-East Area, while all CH-mixed TRU waste packaging operations would
be conducted in mobile CH-Mixed TRU Waste Facilities that can relocate to each of the tank farms in
both the 200-East and 200-West Areas.

Activities planned for the mixed TRU waste packaging systems would be similar in nature and facility
scale to waste management activities practiced at other DOE facilities (e.g., the Rocky Flats Site in
Colorado). See Appendix E, Section E.1.2.3.11, for a more-detailed discussion of mixed TRU waste
processing.

22226 Separations Processes

Each of the TC & WM EIS alternatives that consider use of supplemental treatment technologies in the
200-East Area of Hanford would use the capability provided by the WTP to pretreat the waste in 114 of
the 149 SSTs and all 28 DSTs. In contrast, waste feeds for supplemental treatment technologies used in
the 200-West Area would not undergo WTP pretreatment, but instead would be processed in the new
Solid-Liquid Separations Facility in the 200-West Area. These waste feeds would include waste from the
remaining 35 SSTs, which have tentatively been identified as containing low-cesium-137-concentration
salt cake. The waste contained in many of these 35 tanks was previously treated in processing facilities
that removed radionuclides such as cesium, strontium, and TRU radionuclides (see Appendix E,
Section E.1.2.3.5.2, for a more-detailed discussion of these tanks). The extent of the separations
processes conducted in the new Solid-Liquid Separations Facility would depend on the waste feed being
processed and the immobilization operation being used.

The new Solid-Liquid Separations Facility would employ settling and decanting processes that are
expected to return 50 percent of the entrained solids to the WTP for further processing. Strontium-90 and
TRU radionuclides would be precipitated using a chemical addition during this settling process, resulting
in a portion of the strontium-90 and TRU radionuclides being forwarded to the WTP and the balance
being forwarded to the selected supplemental treatment (bulk vitrification, steam reforming, or cast stone)
facility in the 200-West Area. Some precipitation, settling, and decanting could be conducted in the
existing underground storage tanks. However, for analysis purposes, this 7C & WM EIS assumes that all
separations activities would occur in the new Solid-Liquid Separations Facility (DOE 2003d:4-6, 6-146).

2.2.2.2.7 Sulfate Removal

The sulfate removal pretreatment process is a representative technology that could be used to increase the
waste loading in the ILAW glass. The sulfate removal approach involves sulfate precipitation using
strontium nitrate addition, filtration, and solidification with grout-forming additives to create an
immobilized waste form (grouted waste). As considered under Tank Closure Alternative 5 of this
TC & WM EIS, sulfate removal would potentially increase waste loading, which would reduce the amount
of ILAW glass produced in the WTP. The sulfate removal process is not proposed for use on waste
provided as feed for supplemental technologies (bulk vitrification, cast stone, or steam reforming)
because it would provide no added benefit for these technologies. Low-sulfate waste streams also may
not need sulfate removal (DOE 2003d:4-3).
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The sulfate removal process would require construction of two new facilities in the 200-East Area
adjacent to the WTP—a Sulfate Removal Facility and an associated grout facility. The sulfate removal
process would occur following pretreatment of waste at the WTP, but prior to treatment in the LAW
Vitrification Facility. This process is expected to remove 90 to 95 percent of the sulfate present in the
incoming pretreated LAW. From the perspective of waste form performance, sulfate removal is expected
to increase waste loadings in the ILAW glass from approximately 14 percent to approximately 20 percent
(sodium oxide basis) (DOE 2003d:4-4). Such an increase in waste loading would decrease the volume of
ILAW glass produced over the life of the project by approximately 35 percent. See Appendix E,
Section E.1.2.3.9, for a more-detailed discussion of the sulfate removal process.

The sulfate would be removed from the WTP LAW Vitrification Facility feed stream in the form of
strontium sulfate precipitate. This precipitate would be immobilized in a grout waste form that is
expected to exhibit improved performance characteristics relative to previous Hanford grouts for two
reasons, as follows:

e Select radionuclides (e.g., TRU radionuclides and cesium) would be removed from the WTP
LAW Vitrification Facility feed stream in the WTP Pretreatment Facility before the LAW is
processed in the Sulfate Removal Facility.

e Other radionuclides and constituents of potential concern (COPCs) exhibit little affinity for the
strontium sulfate precipitate. Accordingly, these radionuclides and COPCs would not be
incorporated into the grout waste form; instead, they would be forwarded as components of the
LAW Vitrification Facility feed stream for incorporation into ILAW glass (DOE 2003d:4-4).

In addition, high concentrations of sulfate in the LAW feed solutions would present problems for the
current WTP LAW vitrification process. Preliminary testing of the LAW melter system indicated that a
separate molten sulfur layer could form in the LAW melter at the maximum sulfate-to-sodium ratio in the
LAW solutions. This molten sulfur layer would be highly corrosive to the LAW melter components.
Formation of the sulfur layer can be avoided by reducing the amount of sulfate in the LAW melter feed
stream.

2.2.2.2.8 Technetium-99 Removal

Technetium-99, a long-lived, mobile radionuclide present in the tank waste, is of particular interest with
regard to long-term waste form performance. Tank Closure Alternatives 2B and 3B include removal of
technetium-99 from the LAW stream during WTP pretreatment. For analysis purposes, it was assumed
that technetium-99 removal would be conducted in the WTP Pretreatment Facility via ion exchange with
a removal efficiency of approximately 99 percent.” Therefore, under Tank Closure Alternatives 2B and
3B, approximately 99 percent of the technetium-99 would be removed from the LAW stream, transferred
to the HLW stream, and vitrified as IHLW glass. Under all other Tank Closure alternatives, this
technetium-99 would remain in the LAW stream and be incorporated into an ILAW product. For a more-
detailed discussion of the technetium removal process, see Appendix E, Section E.1.2.3.10.

® The WTP Pretreatment Facility evaluated in the TWRS EIS was originally designed to remove technetium-99. However,

based on subsequent analysis of the ILAW glass, DOE and Ecology agreed to delete technetium removal from the WTP
permit (Hedges 2008). Therefore, the detailed design of the Pretreatment Facility eliminated the technetium-99 removal
capability from the LAW stream. However, under Tank Closure Alternatives 2B and 3B, this TC & WM EIS assumes that
technetium-99 could be removed in the WTP Pretreatment Facility. Should DOE decide to implement technetium-99
removal, design modifications would be needed to add the technetium-99 removal capacity later, which could alter the
assumed location of the unit.
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2.2.2.2.9 Cesium and Strontium Capsule Treatment

There are currently 1,335 cesium capsules and 601 strontium capsules stored in the Waste Encapsulation
and Storage Facility (WESF) pool cells in the 200-East Area. Most of the capsules are composed of an
inner and outer capsule. The cesium capsules are 6.7 centimeters (2.6 inches) in diameter and
51.1 centimeters (20.1 inches) long, and the strontium capsules are 6.7 centimeters (2.625 inches) in
diameter and 52.8 centimeters (20.8 inches) long (Jeppson 1973). Cesium and strontium waste would be
extracted from the storage capsules prior to treatment in the WTP HLW melters. A new Cesium and
Strontium Capsule Processing Facility would be constructed to extract and prepare the cesium and
strontium waste into a slurry waste stream acceptable for treatment in the WTP. Under all Tank Closure
alternatives except the No Action Alternative, immobilization of cesium and strontium capsule waste
would take place during a separate campaign following treatment of all HLW from the tanks. It is
estimated that an additional 340 canisters would be produced during this treatment campaign
(CEES 2006a). For a more-detailed discussion of the cesium and strontium capsule treatment process,
see Appendix E, Section E.1.2.3.4.

2.2.2.2.10 Interfacing Facilities
The following facilities would interface with storage, retrieval, and treatment of tank waste:

Liquid Waste Processing Facilities (LWPFs). The LWPFs include the Effluent Treatment Facility
(ETF), Liquid Effluent Retention Facility (LERF), and Treated Effluent Disposal Facility (TEDF). The
ETF and LERF process liquid effluents designated as radioactive and dangerous wastes. Operation of the
ETF is planned to continue until fiscal year 2025. Replacement ETFs would need to be constructed and
operated to support the Tank Closure alternatives. The LERF would need a life extension upgrade in
2015. After the life extension upgrade, the LERF was assumed to operate through the end of WTP
operations. The 200 Area TEDF is permitted for disposal of nonradioactive, nondangerous liquid
effluents. A life extension project is planned for fiscal year 2009, after which the facility was similarly
assumed to operate through the end of WTP operations. Detailed descriptions of the ETF, LERF, and
TEDF are presented in Appendix E, Section E.1.2.3.3.

242-A Evaporator. The continued operation of the 242-A Evaporator is required to support treatment of
tank waste. The current and future mission of the evaporator is to support environmental restoration and
remediation of Hanford by optimizing the 200 Area DST waste volumes in support of the tank farm
management and WTP operations. To accomplish this mission, the 242-A Evaporator would require
multiple replacements for some Tank Closure alternatives analyzed in this EIS. The 242-A Evaporator’s
estimated useful life is 25 years. The evaporator also depends on the continued operation of the ETF,
LERF, and TEDF to accept and treat both contact (process condensate) and noncontact (steam condensate
and cooling water) effluent waste streams. A detailed description of the 242-A Evaporator is presented in
Appendix E, Section E.1.2.3.2.

222-S Analytical Laboratory. The 222-S Analytical Laboratory is a dedicated facility that provides
analytical chemistry services in support of characterization. The laboratory is expected to operate as long
as required to support tank waste characterization, tank waste retrieval, and waste feed delivery to the
WTP. Upgrades or replacements to the 222-S Analytical Laboratory were not analyzed in this EIS
because its use is expected to be limited following the start of operations of the WTP Analytical
Laboratory.

2.2.2.3 Waste Disposal

Many waste disposal aspects of the proposed actions have been addressed in previous EISs. DOE
evaluated the programmatic aspects of waste management across the DOE complex in the Final Waste
Management Programmatic Environmental Impact Statement for Managing Treatment, Storage, and
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Disposal of Radioactive and Hazardous Waste (DOE 1997a). The Waste Isolation Pilot Plant Disposal
Phase Final Supplemental Environmental Impact Statement (WIPP SEIS-1I) (DOE 1997b) addressed
transportation and disposal of given waste quantities at WIPP. These documents adopted assumptions
and methodologies for assessing waste transportation and disposal and reported the anticipated
environmental impacts. This 7C & WM EIS was developed to be as consistent as possible with these
adopted assumptions and methodologies to avoid contradictions in the anticipated impacts reported for
overlapping activities.

This section addresses the disposal considerations associated with each of the waste types after
completion of the proposed retrieval and, where applicable, treatment activities (see Appendix E,
Section E.1.2.4, for a more-detailed discussion of waste disposal). This TC & WM EIS addresses the
following key waste types and the activities proposed to support their transport, interim storage, and
disposal.

IHLW. HLW, as defined in DOE Manual 435.1-1, Radioactive Waste Management Manual, would be
immobilized (vitrified) in the WTP, resulting in IHLW glass. This tank IHLW glass would be mixed
waste containing both radionuclides subject to the Atomic Energy Act of 1954 and hazardous components
subject to the Resource Conservation and Recovery Act (RCRA).

IHLW glass canisters produced under the alternatives would be stored in the existing CSB and additional
storage modules. (The analyses in this EIS are not affected by recent DOE plans to study alternatives for
the disposition of the Nation’s SNF and HLW because the EIS analysis shows that vitrified HLW can be
stored safely at Hanford for many years until disposition decisions are made and implemented.)

Tank-derived mixed TRU waste. DOE proposes to designate waste in certain SSTs and DSTs as
tank-derived mixed TRU waste in accordance with the TRU waste definition cited in
DOE Manual 435.1-1 and the Waste Isolation Pilot Plant Land Withdrawal Act (P.L. 102-579). Prior to
treatment in either the CH- or RH-Mixed TRU Waste Facilities, this tank-derived mixed TRU waste
would be further subdivided into CH- and RH-mixed TRU waste streams to aid in defining packaging,
transportation, and interim storage pathways.

Mixed TRU waste generated under the Tank Closure action alternatives would be stored in a new TRU
Waste Interim Storage Facility pending shipment to WIPP. The mixed TRU waste would be
placed in Type B containers certified by the U.S. Nuclear Regulatory Commission (NRC)
(e.g., TRUPACT-II [transuranic package transporter model 2] containers) and shipped to WIPP by truck.

ILAW. This waste would be composed of LAW that has been immobilized by the WTP processes
(ILAW glass) or by supplemental treatment (e.g., bulk vitrification glass, cast stone waste, or steam
reforming waste) in other facilities. Under Tank Closure Alternatives 2A through 5, this ILAW would be
managed as mixed low-level radioactive waste (MLLW) and disposed of on site. Under Tank Closure
Alternatives 6B and 6C, the ILAW would be managed as HLW and stored on site pending disposition.

ILAW that is subject to disposal after treatment by one of the supplemental treatment processes would be
disposed of on site at an Integrated Disposal Facility (IDF). The facility would include an RCRA-
compliant liner and leachate collection system; upon closure, it would be capped with a modified
RCRA Subtitle C barrier.

Grouted sulfate precipitate. This waste would result from the sulfate removal pretreatment process.
The precipitate would be grouted, containerized, and managed as MLLW. Similar to ILAW, grouted
sulfate precipitate would be sent directly to an IDF.

WTP melters. Melters taken out of service at the WTP would be disposed of based on their waste types.
WTP melters used for LAW vitrification and determined to be MLLW would be disposed of on site in an
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IDF. WTP melters used for HLW vitrification would be placed in interim storage on the new onsite
melter storage pads.

In addition to the waste forms discussed above, secondary waste would be produced as a result of
construction and operation of the facilities associated with the alternatives analyzed in this EIS.
Secondary waste includes items such as protective clothing, construction materials, tools, liquids, and
excess materials whose characterization as low-level radioactive waste (LLW), MLLW, mixed TRU
waste, or hazardous waste depends on the characteristics of the waste. Secondary LLW and MLLW
would be disposed of on site in an IDF. Secondary TRU waste would be stored in existing facilities at the
Central Waste Complex (CWC) pending disposal at WIPP.

2.2.2.4 Tank System Closure and Facility Decontamination and Decommissioning

The final major component of the tank closure proposed actions evaluated in this 7C & WM EIS is closure
of the SST system.® Three approaches to closure were considered.

e Landfill closure
e Clean closure
e Selective clean closure/landfill closure

Tank Closure Alternatives 2B through 6C include a closure component. The specific closure approach
proposed for each alternative varies in accordance with the specific objectives of that alternative or
subalternative. The following sections describe the closure activities that would be included under each
closure approach. Tank system closure is described

in detail in Appendix E, Section E.1.2.5. Closure Options Analyzed in This
Environmental Impact Statement
22241 Landfill Closure Landfill Closure — Following tank waste retrieval,

the single-shell tank (SST) system would be closed

Landfill closure of the SST system would generally [ inaccordance with state, Federal, and/or U.S.
include the following: Department of Energy requirements for closure of a

landfill. Landfill closure typically includes site
- stabilization and emplacement of a barrier followed
Grout-filling of tanks by a postclosure care period.

*  Grouting of ancillary eqmpment a_md WRFs Clean Closure — Following tank waste retrieval, the
Removal of some an'“ary equipment and | tanks, ancillary equipment, and contaminated soils
near-surface contaminated soils would be removed as necessary to protect human

e Placement of a surface barrier health and the environment and to allow

e Postclosure care unrestricted use of the tank farm area.

Selective Clean Closure/Landfill Closure — This

Grout-filling of tanks. Grout is formed from sand, hlyb”d C'OfSUfe approach Wou'dkir]j’p'eme”t C'hea;‘ A
] : : closure of a representative tank farm in each of the

cement, and fly ash to create a free-flowing material | S/ =" ~' 0 West Areas (i.e., the BX and

that would be used to fill the tanks after tank waste | sx tank farms), while implementing landfill closure

is removed. The grout would harden in the tanks to | for the balance of the SST farm system.

provide structural stability for completion of landfill

® WTP closure is not part of the proposed actions because it is an active facility needed to complete waste treatment. The

existing 28 DSTs, which are also active components, are included in the closure scenario for each alternative presented in this
TC & WM EIS that includes landfill closure. When the closure barrier is placed over the SSTs, it will need to cover nearby
DSTs as well due to the engineering design and the proximity of the DSTs to the SSTs. Therefore, the decision was made to
include the existing DSTs in the closure configuration. In contrast, new DSTs proposed for construction, along with other
infrastructure needed to support certain alternatives, would not be closed because these new DSTs would be located away
from the original 177 tanks (149 SSTs and 28 DSTSs) built at Hanford and outside the areal extent of the SST closure barriers.
Although a closure configuration for the DSTSs is evaluated in this EIS, a decision on closure of the DSTs is not part of the
proposed actions. Closure of both the DSTs and the WTP would need to be addressed at a later date subject to appropriate
NEPA review.
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closure of the tank farms. The tanks would be filled with grout in a series of “lifts” in two separate
phases. Lifts are separate applications of grout applied over time to allow added grout to set. The first
phase of the process would involve initial grout placement to stabilize the residual waste heel expected to
remain following retrieval. Materials called sequestering agents would be added to immobilize specific
COPCs (i.e., technetium and uranium) in residual waste. The second phase would involve filling the
remaining tank void space to the tank dome to minimize water infiltration, prevent long-term degradation
of the tank farm surface barrier due to subsidence, and discourage intruder access (DOE 2003a:6-1). The
use of two mobile plants (one each in the 200-East and 200-West Areas) was assumed for this grouting
activity.

Grouting of ancillary equipment and WRFs. Tank farm ancillary equipment includes MUSTS; the
waste transfer system (diversion boxes, valve pits, and transfer piping); tank pits; tank risers; in-tank
equipment; and miscellaneous facilities used to treat, transfer, or store tank waste. Above-grade ancillary
equipment would be removed to grade. Below-grade ancillary equipment would be filled with grout
produced at either of the two mobile grout plants located in the 200-East and 200-West Areas and trucked
to the local site for placement into the ancillary equipment (DOE 2003a:6-35, 6-39). All SST system
ancillary equipment and WRFs inside the projected closure barriers would be grouted under Tank Closure
Alternatives 2B, 3A, 3B, 3C, 5, and 6C. SST system ancillary equipment and WRFs outside the area
covered by the surface barriers, except under Alternatives 1, 2A, and 5, would be removed or remediated.
Under these three alternatives, the ancillary equipment would be left as is, with no remediation actions.
Alternative 4 would involve grout-fill stabilization of ancillary equipment associated with landfill closure
of all tank farms except the BX and SX tank farms.

Removal of ancillary equipment and near-surface contaminated soil. Ancillary equipment and
near-surface contaminated soil removal is an additional remediation component considered under Tank
Closure Alternatives 4, 6A, and 6B. Under Tank Closure Alternative 4, associated equipment in the
BX tank farm in the 200-East Area and the SX tank farm in the 200-West Area would be removed and
replaced with clean soils from onsite sources. This activity would require construction and operation of
two containment structures, one over each farm. The removed materials would be disposed of on site in
the new River Protection Project Disposal Facility (RPPDF), located between the 200-East and 200-West
Areas. The RPPDF would be similar to an IDF. This additional level of remediation is proposed for the
BX and SX tank farms to assess this activity’s potential effectiveness at reducing long-term impacts on
groundwater. The BX and SX tank farms were chosen for this option because (1) their tank waste
inventories are well characterized and the nature and extent of past leaks and spills are documented;
(2) their current in-tank inventories include substantial amounts of long-lived, highly mobile constituents
and short-term health risks; and (3) they are in separate geographic locations, i.e., the BX tank farm is
located in the 200-East Area and the SX tank farm is located in the 200-West Area.

Tank Closure Alternatives 6A and 6B would provide clean closure of all SST farms, including removal of
ancillary equipment. The Alternative 6A and 6B Option Cases would also include removal of soils
contaminated by liquid releases from the six sets of contiguous cribs and trenches (ditches). Tank
Closure Alternatives 2B, 3A, 3B, 3C, and 6C would partially remove soils from the tank farms along with
ancillary equipment.

Placement of a surface barrier. An above-grade, multilayered engineered surface barrier would be
placed over the tank farms and the six sets of contiguous cribs and trenches (ditches) under all of the
alternatives involving landfill closure. This barrier would be designed to provide long-term containment
and hydrologic protection of the waste site. Two types of surface barriers were considered in this
TC & WM EIS: the modified RCRA Subtitle C barrier (under Alternatives 2B, 3A, 3B, 3C, 4, and 6C) and
the Hanford barrier (under Alternative 5). The modified RCRA Subtitle C barrier would consist of
8 layers, with a combined thickness of approximately 2.7 meters (9 feet). It would be designed to provide
protection for 500 years, with no need for maintenance following a 100-year postclosure care period. The
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more-robust Hanford barrier would consist of 10 layers, with a combined thickness of approximately
4.6 meters (15 feet). For analysis purposes, it was assumed that the Hanford barrier would be designed to
provide protection for 1,000 years without maintenance. The Hanford barrier would provide additional
protection against wind and water erosion, as well as plant, animal, and human intrusion
(DOE 2003a:6-64). Both types of surface barriers would be constructed as a set of five “lobes.” Two
large lobes would be constructed in the 200-East Area, and three lobes would be constructed in the
200-West Area (DOE 2003a:6-64). For more information on these barriers, see Appendix E,
Section E.1.2.5.4.1.

Postclosure care. Under Alternatives 2B, 3A, 3B, 3C, 4, and 6C, which would use a modified RCRA
Subtitle C barrier, monitoring during the postclosure care period would be consistent with RCRA landfill
closure requirements (WAC 173-303) for 100 years after completion of the surface barrier. Under
DOE’s regulations implementing its Atomic Energy Act responsibilities (DOE Order 5400.5), postclosure
care may exceed 100 years; however, for analysis purposes, it was assumed not to exceed 100 years.
Monitoring activities would focus on air, groundwater, and the vadose zone. Air monitoring would be
conducted under the existing air monitoring program and would concentrate on sampling for, detecting,
and analyzing volatile compounds that may be moving up through the surface barrier. Groundwater
monitoring would require installation and monitoring of new wells up- and downgradient of each barrier
lobe. Monitoring of the vadose zone would require installation and monitoring of new boreholes along
the perimeter of the barrier. Surface-barrier monitoring would include surveillance of structural integrity,
animal burrowing, soil erosion and deposition, and vegetation status. For more information on
postclosure care, see Appendix E, Section E.1.2.5.4.2.

222472 Clean Closure

Alternatives 4, 6A, and 6B consider clean closure of all or parts of the SST system. Clean closure of the
SST system would include the following:

e Removal of ancillary equipment, WRFs, and SSTs
e Deep soil removal
e Additional waste preprocessing/packaging

Removal of ancillary equipment, WRFs, and SSTs. Under the clean closure approach, ancillary
equipment, WRFs, SSTs, and contaminated soils within the areal extent of a tank farm would be removed
to a depth of 3 meters (10 feet) below the tank bases (approximately 20 meters [65 feet] below the ground
surface). For analysis purposes, the removal of 3 meters (10 feet) of additional soils beneath the tank
bases was assumed to be sufficient to remove contamination from retrieval leakage.

Tank farm removal activities would consist of removing cover soils, demolishing the tank domes,
removing soils to the level of the tank bases, removing the tank sides, and, finally, removing the
remaining base sections of the tanks (DOE 2003a:C-5). Ancillary equipment removal would consist of
removing the equipment, reducing its size, and packaging it. This work would be conducted remotely
whenever necessary.

Deep soil removal. Deep soil removal activities would include localized excavations to remove
contaminated soils from past leaks to the depth necessary to protect human health and the environment
and to allow unrestricted use of the tank farms. The clean closure approach would require installation of
deep pilings for soil support and worker safety, as well as construction and operation of an overarching
confinement structure or bubble over each tank farm prior to tank and deep soil removal. The exhaust
from this structure would be filtered and would have at least two zones of negative pressure, each with
personnel and equipment airlocks. The structure would be used to keep fugitive dusts containing
hazardous or radioactive particles from escaping to the environment (DOE 2003e:8).
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Under the Tank Closure Alternative 6A and 6B Option Cases, additional highly contaminated soils would
be decontaminated at the Preprocessing Facility (PPF) and lightly contaminated soils would be disposed
of at the RPPDF. This additional contaminated soils volume would come from the six sets of contiguous
cribs and trenches (ditches) in the B and T Areas.’

Additional waste preprocessing and packaging. Lightly contaminated ancillary equipment, rubble, and
removed soil would be disposed of on site in the RPPDF. Under Tank Closure Alternative 4, a portion of
the tank debris, equipment, soils, and rubble recovered from ancillary equipment, tank, and deep soil
removal activities is expected to be highly contaminated with tank waste. Because these materials would
likely exceed the waste acceptance criteria for onsite disposal, they would be treated at a standalone,
4-hectare (10-acre) PPF using a strong acid wash (DOE 2003e:9). The washed tank debris, equipment,
and soils would be packaged and disposed of on site in the RPPDF. The contaminated liquid waste
stream from the acid wash would be neutralized and sent to the DSTs for treatment in the WTP. The
contaminated soils from deep soil excavation would be treated in the PPF using a weak acid soil wash.
The washed soils would be disposed of on site in the RPPDF, and the contaminated liquid waste stream
from the soil acid wash would be neutralized and sent to the DSTSs prior to treatment in the WTP.

Under Tank Closure Alternatives 6A and 6B, highly contaminated tank debris, equipment, soils, and
rubble from tank removal activities would be considered HLW. These materials would be packaged in
approximately 147,000 shielded storage boxes. To accommodate the shielded storage boxes, 35 covered,
concrete pads would be constructed near the PPF (SAIC 2007). It was assumed that the boxed HLW
would be stored on site until disposition decisions are made and implemented and that the radiological
and nonradiological inventories in this waste would be contained during onsite storage. Therefore, this
waste would not represent a contaminant source to groundwater. Highly contaminated soils removed
from deep soil excavation would be treated in the PPF using a weak acid wash. The washed soils would
be disposed of on site in the RPPDF, and the contaminated liquid waste stream from the soil acid wash
would be further treated in the PPF using a glass melter. The melter would produce an immobilized
waste form that would be equivalent to ILAW glass in waste form performance. Under the
Alternative 6A and 6B Base Cases, the volume of PPF glass produced would fill approximately
670 canisters, while under the Alternative 6A and 6B Option Cases, the volume of PPF glass would fill
approximately 18,300 canisters. This PPF glass would be disposed of on site in an IDF. Figure 2-15
depicts the movement of these highly contaminated materials through their preprocessing and disposal
steps under Alternatives 4, 6A, and 6B. Appendix E, Section E.1.2.5.3.2, provides more detail on clean
closure.

" The following 33 cribs and trenches (ditches) are analyzed in this TC & WM EIS: 2 cribs in the B tank farm, 8 trenches in the

BX tank farm, 7 cribs in the BY tank farm, 2 cribs and 6 trenches in the T tank farm, 5 trenches in the TX tank farm, and
3cribs in the TY tank farm. Additional information addressing these cribs and trenches (ditches) is presented in Appendix D,
Section D.1.5. Note: The T and TX trenches are considered one set.
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Figure 2-15. Preprocessing Waste Streams Associated with Tank Farm Clean Closure
2.2.24.3 Selective Clean Closure/Landfill Closure

This TC & WM EIS evaluates a hybrid closure approach under Alternative 4 that would implement clean
closure of the BX and SX tank farms and landfill closure of the balance of the SST system. DOE
proposes clean closure of the BX and SX tank farms to assess the potential effectiveness of this additional
level of remediation to reduce long-term impacts on groundwater—i.e., to establish what might be gained
from clean closure of a subset of SST farms (as under Alternative 4) compared to clean closure of the
entire SST system (as under Alternatives 6A and 6B).

The BX and SX tank farms were chosen for selective clean closure to represent an intermediate case in
the range of closure options. Analysis of Alternative 4 was designed to evaluate the impacts and potential
benefits of a case where soil remediation and tank removal could be selectively performed. The purpose
of this intermediate case was to examine the activities, impacts, and potential incremental benefit
associated with clean closure of a single, moderately contaminated farm in each of the 200-East and
200-West Areas.

This information could be useful to a decisionmaker who wanted to clean-close a different farm or as
a metric for scaling the potential impacts and benefits of remediating other single or multiple farms.
However, selection of the BX and SX tank farms was not meant to preclude remediation of any different
or additional tank farms or to suggest that these farms represent the only case for selective or clean
closure. The final agency action could involve remediation of additional or different tank farms other
than the BX and SX tank farms.

Selective clean closure, as presented under Alternative 4, was broadly designed to examine an
intermediate concept of remediation and closure among alternatives, including waste retrieval without soil
remediation or closure (Alternative 2A); landfill closure without soil removal (Alternative 5); landfill
closure with surface soil remediation (Alternatives 2B, 3A, 3B, and 6C); and complete clean closure with
tank removal (Alternatives 6A and 6B).
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DOE anticipated that, if incremental benefits could be discerned at points of groundwater analysis within
the sensitivity of the modeling, then decisionmakers would have a better range of options to consider,
including selection of any, all, or none of the farms for remediation and/or clean closure. In addition,
DOE expects that its analysis will conservatively estimate the potential impacts of selective or clean
closure of some or all of the tank farms in question.

22244 Borrow Area C Operations

Borrow Area C comprises approximately 930 hectares (2,300 acres) and is located south of the Hanford
200-West Area along State Route 240. It is a proposed supply site for the sand, soil, and gravel needed to
support environmental remediation activities throughout Hanford. Specific alternatives discussed in this
TC & WM EIS require the use of borrow materials from Borrow Area C. Resource material from Borrow
Area C would be used primarily for construction of new facilities, backfilling and regrading where
facilities and/or contaminated soils were removed from the ground, and creation of modified RCRA
Subtitle C or Hanford barriers.

Conventional excavation, loading, and transportation equipment would be used at Borrow Area C.
Conveyor systems may be employed to move excavated material to stockpile areas or load trucks.
Conveying systems may be outfitted with crushing, sorting, and screening systems to segregate rock and

fines according to Hanford’s needs.
subsurface detonations.

Borrow Area C was evaluated for use as a
borrow area because it is relatively close to
most of the proposed activities that would
require borrow materials and because it could
provide the variety of gravel, sand, and soil
types necessary to support such activities. A
detailed description of Borrow Area C is
presented in Appendix E, Section E.1.2.5.5.

22245 Facility Decontamination and

Decommissioning

This TC & WM EIS specifically evaluates the
decontamination and decommissioning (D&D)
activities that would be required prior to final
closure of the SST system for only the
following 10 existing Hanford facilities®:

242-S Evaporator. Located north of the S tank
farm, this facility was used to concentrate tank
waste. Operation of the 242-S Evaporator
began in 1973 and continued until 1980. The
facility was shut down in 1980 and placed in a
standby mode in 1981.

8

proposed actions.

Basalt, when encountered, would be blasted with controlled,

Deactivation is placing a facility in a stable and known
condition, including removal of hazardous and
radioactive materials, to ensure adequate protection of
workers, public health and safety, and the environment,
thereby limiting the long-term cost of surveillance and
maintenance. Actions include removing fuel, draining
and/or de-energizing nonessential systems, removing
stored radioactive and hazardous materials, and related
actions. Deactivation does not include all of the
decontamination activities necessary for the
dismantlement and demolition phase of
decommissioning (e.g., removal of contamination
remaining in the fixed structures and equipment after
deactivation).

Decommissioning is the process of closing and
securing a nuclear facility or nuclear materials storage
facility to provide adequate protection from radiation
exposure and to isolate radioactive contamination from
the human environment. It takes place after deactivation
and includes surveillance, maintenance,
decontamination, and/or dismantlement. These actions
are taken at the end of a facility’s life to retire it from
service with adequate regard for the health and safety of
workers and the public and protection of the
environment. The ultimate goal of decommissioning is
unrestricted release or restricted use of the site.

Decontamination is the removal or reduction of residual
chemical, biological, or radiological contaminants and
hazardous materials by mechanical, chemical, or other
techniques to achieve a stated objective or end
condition.

This TC & WM EIS evaluates deactivation of the WTP and other proposed waste treatment and interim storage facilities at the
end of their operational lives. However, closure and D&D of these new facilities are not within the scope of the tank closure
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242-T Evaporator. This facility is adjacent to the TX tank farm. Operation of the 242-T Evaporator
began in 1952 and continued intermittently until 1980. In April 1981, a shutdown/standby plan was
written, and a final waste transfer out of the facility was made in 1982.

204-AR Receiver Station. The 204-AR Receiver Station is located west of the AX tank farm. The
facility was designed to receive liquid waste from rail tank cars or tank trailers and to pump the waste to a
designated 200-East Area tank farm. The facility was constructed in 1981 and is still operational.

241-A-431 Vent Building. This facility was constructed in 1953 to provide offgas de-entrainment of the
six tanks in the A tank farm and to receive drainage from the 296-A-11 stack. It began operation in 1955
and was shut down in 1969.

241-AX-1X lon Exchange Facility. Designed and built in the late 1960s and located east of the A tank
farm, this facility operated routinely from 1973 to 1976 to treat condensate from the waste facility
exhauster between the A and AX tank farms.

241-BY-ITS1 In-Tank Solidification Facility. Located in the BY tank farm, this facility was
constructed in the late 1950s and operated until the mid-1970s to concentrate waste in the BY tanks.

241-C-801 Cesium Loadout Facility. This cesium processing transfer facility, located in the C tank
farm, operated from 1962 until 1976.

241-SX-401 and 241-SX-402 Condenser Shielding Buildings. Built in 1954, these condenser shielding
buildings are located within the SX tank farm. Building 241-SX-401 was used as designed to cool some
of the tanks in the SX tank farm until 1975, when use of the facility ended.

241-AX-WT-SP-137 Seal Pot. This facility is located underground in the AX tank farm. D&D of the
241-AX-WT-SP-137 Seal Pot would involve filling it with grout and abandoning it in place.

D&D of these facilities would occur under all Tank Closure alternatives, with the exception of the No
Action Alternative.  Activities would generally include decontamination of building surfaces and
equipment; removal of major vessels from inside each facility; demolition of each facility to ground level
(except for the 241-AX-WT-SP-137 Seal Pot); and transfer of waste, rubble, and debris into containers or
shielded burial boxes for shipment to appropriate disposal locations (DOE 2003a:6-115).

2.3  FAST FLUX TEST FACILITY DECOMMISSIONING ACTIONS

FFTF is a DOE-owned, formerly operating, 400-megawatt (thermal) liquid-metal (sodium)-cooled
research and test reactor located in the 400 Area of Hanford. The original purpose of the facility was to
develop and test advanced fuels and materials for the Liquid Fast-Breeder Reactor Program; other
missions were subsequently pursued. Construction of FFTF was completed in 1978, and initial criticality
was achieved on February 9, 1980, with full power initiated on December 21, 1980. Following an
additional year of acceptance testing, FFTF operated from 1982 to 1992, providing the nuclear industry
with advances in fuel performance, medical isotope production, materials performance, and passive and
active safety system testing. In December 1993, DOE decided not to continue operating FFTF due to a
lack of economically viable missions at that time and issued a shutdown order. Figure 2-16 shows the
location of the FFTF complex within the 400 Area. A detailed description of the FFTF complex is
provided in Appendix E, Section E.2.
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Figure 2-16. 400 Area Fast Flux Test Facility Complex Location Map
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2.3.1 Decommissioning of Fast Flux Test Facility and Auxiliary Buildings

Forty-five structures or buildings within the FFTF Property Protected Area (PPA) would be
decommissioned under the FFTF decommissioning set of proposed actions. These buildings fall under
three general groups: the Reactor Containment Building (RCB), reactor support buildings (19 structures),
and auxiliary buildings (25 structures).

Of the 45 facilities, 15 have basements or other below-grade structures, and 12 are potentially
contaminated with radioactive materials. Because of the nature of the operations and maintenance work
conducted in the area, most of the facilities are believed to contain hazardous materials as well.

2.3.1.1 Reactor Containment Building

The RCB is the major facility associated with the FFTF complex (see Figure 2-17) that would be
decommissioned under the FFTF decommissioning proposed actions. The RCB consists of a cylindrical
carbon steel reactor-containment vessel 56.7 meters high by 41.1 meters in diameter (186 feet high by
135 feet in diameter), as well as several principal structures and various equipment that are located inside
the building. Reinforced-concrete cells occupy the lower portion of the containment vessel from grade
level (elevation 158 meters [550 feet]) to approximately 24 meters (78 feet) below grade. Some areas
near the sodium piping and vessels are steel-lined. Below-grade structures containing the greatest
radionuclide inventories include the reactor vessel, the Interim Examination and Maintenance Cell, the
Test Assembly and Conditioning Station, and the Interim Decay Storage Vessel (Fluor Hanford 2005a).
Radionuclide and hazardous chemical inventories associated with FFTF decommissioning actions are
presented in Appendix D, Section D.2.

Figure 2-17. Fast Flux Test Facility Complex
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2.3.1.2 Reactor Support and Auxiliary Buildings

Various reactor support and auxiliary buildings surround the RCB. These buildings are structurally
independent of the RCB, and their structural designs reflect specific requirements for resisting natural
forces such as earthquakes, winds, and tornadoes. The reactor support and auxiliary buildings are listed
in Table 2-1, which also summarizes the proposed decommissioning activities for each building under
both the Entombment and Removal Alternatives.

Table 2-1. Fast Flux Test Facility and Support Facilities
Action Alternative

4713A Riggers and Drivers Operations Facility
4713B FFTF Maintenance Shop
4713C Contaminated Storage Warehouse

FFTF FFTF
Decommissioning | Decommissioning
Building Alternative 2: Alternative 3:
Number Building Name Entombment Removal
405 FFTF Reactor Containment Building F E
491E HTS Service Building, East F C
491W HTS Service Building, West F C
4621E Auxiliary Equipment Building, East D C
4621W Auxiliary Equipment Building, West D C
4703 FFTF Control Building D C
4717 Reactor Service Building D C
491S HTS Service Building, South D C
408A Main Heat Dump, East B A
408B Main Heat Dump, South B A
408C Main Heat Dump, West B A
409A Closed Loop Heat Dump, East 1 B A
409B Closed Loop Heat Dump, East 2 B A
403 Fuel Storage Facility C C
402 Sodium Storage Facility A A
432A ISA Covered Equipment Storage A A
436 Training Facility A A
437 Maintenance and Storage Facility A A
440 90-Day Covered Storage Pad A A
451A Substation A A
453A Transformer Station, East DHX Al, 2.4kV A A
453B Transformer Station, South DHX A2, 2.4kV A A
453C Transformer Station, West DHX A3, 2.4kV A A
4701 Former FFTF Guard Station A A
4710 FFTF Office Building A A
A A
A A
A A
A A
A A
A A
A A
A A
A A
A A
A A
A A
A A
A A

4713D Interim Maintenance and Storage Facility
4716 FFTF Rigging Loft

4718 400 Area Interim Storage Area Pad
4721 FFTF Emergency Generator Building
4734A FFTF Argon/Nitrogen Pad

480A Water Supply Well House (P-14)
480B Water Supply Well House (P-15)
480D Water Supply Well House (P-16)
481 Water Pump House

481A Water Pump House

482A Water Storage Tank (T-58)
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Table 2-1. Fast Flux Test Facility and Support Facilities (continued)
Action Alternative
FFTF FFTF
Decommissioning | Decommissioning
Building Alternative 2: Alternative 3:
No. Building Name Entombment Removal

482B Water Storage Tank (T-87) A A
482C Water Storage Tank (T-330) A A
483 Cooling Towers Chemical Addition A A

Building
484 FFTF In-Containment Chiller Water A A

Equipment Building
4842B Switchgear Building for Pump Houses A A
SRFa Sodium Reaction Facility (proposed) A A

a8 |f DOE decides to process the bulk sodium at an existing INL (Idaho National Laboratory) facility, the SRF (Sodium
Reaction Facility) would not be constructed. Decommissioning of the INL facility is not addressed in this 7C &
WM EIS.

Note: Gray shading indicates buildings with reinforced-concrete basements.

A = Demolish and remove building and soils, down to 0.91 meters (3 feet) below grade; if present, collapse subsurface
floors and interior walls into the below-grade space (basement exterior walls below 0.91 meters [3 feet]; basement
floor and foundations would remain). Backfill to grade with soil, then compact and contour surface and
revegetate. Remove all radioactive and/or hazardous material, as well as wood and large steel components.
Foundation rubble (e.g., concrete and rebar) could remain.

B = Same as A, except the building footprint would be partially covered by the engineered barrier system.

C = Demolish and remove building down to grade. Remove above- and below-grade components and systems, then
collapse floors and walls into the below-grade space at least down to 0.91 meters (3 feet) below grade (basement
exterior walls below 0.91 meters [3 feet]; basement floor and foundations would remain). Backfill to grade with
soil, then compact and contour surface and revegetate. Remove all radioactive and/or hazardous material, as well
as wood and large steel components. Foundation rubble (e.g., concrete and rebar) can remain.

D = Same as C, except the building footprint would be partially covered by the engineered barrier system.

= Same as C, except small amounts of radioactive activation products in structural concrete and steel would remain.

F = Remove above-grade structures and systems. Contaminated equipment and systems below grade can remain.
Consolidate waste and demolition debris below grade, then backfill with grout and cover entirely as part of the
engineered barrier system. Radioactive and hazardous waste would remain entombed.

Key: DHX=Dump Heat Exchanger; FFTF=Fast Flux Test Facility; HTS=Heat Transport System; ISA=Interim Storage

Area; kV=kilovolts.

2.3.2 Deactivation Activities

As discussed in Chapter 1, Section 1.2.4, and detailed in Appendix E, FFTF decommissioning will follow
a series of facility deactivation actions specified by previous FFTF NEPA decisions; therefore these
actions were not included as part of the TC & WM EIS analyses. Major deactivation activities under way
since June 2007 include preparing fuel for shipment and processing and deactivating auxiliary plant
systems. Approximately 916,000 liters (242,000 gallons) of a total 958,000 liters (253,000 gallons) of
radioactively contaminated bulk sodium has been drained from the FFTF reactor vessel, three primary
and three secondary heat transport system loops, the Fuel Storage Facility, and the Interim Decay Storage
Vessel and associated auxiliary systems and transferred to the Sodium Storage Facility (SSF) located
adjacent to FFTF. Associated trace heat systems have been de-energized (Chapin 2007).

2.3.3 Proposed Fast Flux Test Facility and Auxiliary Building Disposition Activities

This section presents an overview of the key technologies and facilities that would be used to implement
the proposed FFTF decommissioning activities, i.e., disposition of facilities, RH-SCs, and bulk sodium.
More-detailed descriptions of these proposed technologies and facilities are presented in Appendix E,
Section E.2.
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2.3.3.1 Facility Disposition

Table 2-1 in Section 2.3.1.2 summarizes the proposed decommissioning activities for FFTF and its
support facilities under the Entombment and Removal Alternatives (FFTF Decommissioning
Alternatives 2 and 3, respectively). Under both alternatives, all sodium residuals would be removed from
the RCB systems or treated in place. The sodium would be drained from plant systems to the extent
practicable, followed by in situ moist-gas passivation and/or flushing with water to stabilize the residuals.
Sodium residuals in small-diameter piping would be treated in the 400 Area after the components are
removed from the reactor plant.

Demolition debris, radioactive waste, and other regulated hazardous waste would be handled in the same
manner under both action alternatives; only the volume of waste would change. Debris not placed in the
RCB or other voids or used as backfill would be transported to an IDF for disposal. Radioactive liquid
waste volume resulting from treatment of the sodium residuals would be reduced at FFTF, either through
ion exchange and reuse or evaporation. The remaining liquids would be transported to the 200 Area ETF
for processing and disposal. It was assumed for analysis purposes that a 90 percent reduction in volume
could be achieved prior to shipment to the ETF. Volumes of other regulated waste, such as
polychlorinated biphenyls (PCBs) and asbestos, are expected to be small and would be dispositioned in
accordance with existing Hanford facility waste acceptance criteria

The FFTF facility disposition proposed actions evaluate various end-state approaches in accordance with
the specific objectives of that alternative. Under the No Action Alternative, the facilities and
infrastructure within the PPA, including the RCB, would undergo long-term surveillance with appropriate
monitoring and controls to ensure that environmental and safety concerns are minimized for the
foreseeable future. Under FFTF Decommissioning Alternative 2: Entombment, a regulatorily compliant
engineered barrier, such as a modified RCRA Subtitle C barrier, would be constructed over the RCB and
Buildings 491E and 491W, all of which contain radioactive and/or hazardous wastes. In addition, the
barrier would extend over part or all of the immediately adjacent facility footprints.

The modified RCRA Subtitle C barrier would be circular with a radius of about 391 meters (128.5 feet),
excluding the side slope used for drainage. It would be composed of eight layers of durable material with
a combined minimum thickness of about 1.7 meters (5.7 feet). It would be designed to provide long-term
containment and hydrologic protection for a performance period of 500 years. Like some of the Tank
Closure alternatives, postclosure care would include monitoring of air, groundwater, and the vadose zone.

Under FFTF Decommissioning Alternative 3: Removal, no barrier would be built. Below-grade portions
of structures would be backfilled with soil and compacted to eliminate void spaces, contoured to prevent
natural settling resulting in depressions, and revegetated. Institutional controls or postclosure care may be
established and continue for 100 years after revegetation of the area is complete.

2.3.3.2 Disposition of Remote-Handled Special Components

A number of components would require special handling and disposition because of high radiation levels
and/or the inability to drain the component effectively. These components include a sodium cold trap, a
cesium trap, and two sodium vapor traps. These components collected significant amounts of radioactive
fission products during operation of the reactor. The resulting high radiation levels require these
components to be handled remotely, which complicates removal and disposition. Removal of these
RH-SCs from FFTF will be completed as part of the deactivation work and is evaluated in the
Environmental Assessment, Sodium Residuals Reaction/Removal and Other Deactivation Work Activities,
Fast Flux Test Facility (FFTF) Project, Hanford Site, Richland, Washington (DOE 2006). The removed
components will be stored within the FFTF complex under all FFTF Decommissioning alternatives.
Under FFTF Decommissioning Alternatives 2 and 3, the components would be sent to the selected
treatment facility once it has been built and is ready to receive them.
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2.3.3.2.1 Fast Flux Test Facility Remote-Handled Special Components
The following is a brief description of the four FFTF traps that are considered to be RH-SCs.
2.3.3.21.1  Sodium Cold Trap

When FFTF operated, the primary coolant system cold trap was cooled by a sodium-potassium cooling
jacket around the outside of the sodium-containing crystallizer tank. The sodium and sodium-potassium
system piping were interconnected and the sodium-potassium flushed into the sodium system, thus
eliminating the sodium-potassium storage/disposal concern. However, sodium in both the tank and the
cooling jacket is not fully drainable, and high dose rates make it impossible to enter the cold trap cell to
do manual work. Therefore, DOE is proposing to flush the sodium-potassium from the cold trap cooling
jacket with sodium. The sodium-potassium system would then be drained to the maximum extent
possible and the sodium in the crystallizer tank, as well as the sodium residuals left in the cooling jacket,
would be allowed to freeze. The cold trap would be removed using remote operations and special
shielding.

2.3.3.2.1.2 Cesium Trap

The cesium trap is a reticulated vitreous carbon filter designed to remove radioactive cesium caused by
fuel cladding failures from the primary sodium. It is located outside of containment in a shielded cell in
the Heat Transport System Service Building South. The trap is not drainable; as with the cold trap, it
would be removed using remote operations and special shielding.

2.3.3.2.1.3 Sodium Vapor Traps

The sodium vapor traps minimized sodium vapor transport into the primary cover-gas system piping.
These components are located in isolated cells within the RCB. One vapor trap has large quantities of
cesium-137, and considerable quantities have migrated beyond the trap into the downstream gas piping
systems. Both of these traps would be remotely removed and shielded.

2.3.3.2.2 Processing Facility Options and Description

Sodium residuals would be left in the traps during their removal and transport to an interim storage
facility. Currently, no facility exists within the DOE complex for handling or treating the traps or other
Hanford RH-SCs. There are two options for treatment of these traps:

Hanford Option. DOE proposes constructing a new Remote Treatment Project (RTP) in the T Plant
complex at Hanford. This new facility would be similar in design to Idaho National Laboratory’s (INL’s)
proposed RTP, with the addition of a new high-bay cask-unloading area. RH-SCs would be removed
from FFTF, stored on site at Hanford until the new RTP is permitted and built, then treated in the new
RTP and disposed of in an IDF.

Idaho Option. The Idaho Option analyzed in this TC & WM EIS assumes shipment of RH-SCs to a new
RTP at INL’s Materials and Fuels Complex (MFC) for processing. Under the Idaho Option, RH-SCs
from Hanford would be shipped to INL for treatment in this proposed facility (new RTP at MFC), then
disposed of either at the Nevada Test Site (NTS) or in a Hanford IDF. The INL RTP is currently in the
planning phase; an environmental assessment (DOE 2008) is being prepared that includes the impacts of
receiving, storing, and treating the four FFTF RH-SCs analyzed in this 7C & WM EIS.

2-44



Chapter 2 = Proposed Actions and Alternatives

The two primary design features of both proposed Hanford and INL RTPs are as follows:

e A waste processing cell used to prevent the release of radioactive and hazardous contaminants to
the environment

e Waste processing equipment designed to handle and process the RH-waste received in liners,
drums, and large waste boxes

The Hanford RTP would be a concrete and steel structure with planned dimensions of 22 meters by
29 meters (72 feet by 94 feet). The annex would consist of four floors: the service floor (basement),
operating floor (grade level), utility floor, and high-bay floor. The total floor area would be
approximately 2,600 square meters (28,000 square feet).

2.3.3.2.3 Process Flow Description

Handling of RH-SC waste packages in an RTP would begin when the waste shipments were received in
trailer trucks carrying shielded casks or waste containers. After unloading the waste, it would be
transferred into the waste processing cell, which would contain a variety of processing equipment for
storing, sorting, sizing, processing, and repackaging the waste. Because the RH-SCs would enter the
processing cell in some form of packaging (liners, drums, or boxes), the first step would be to open the
packages and extract the RH-SCs. Specialized handling equipment would be used to open specific types
of waste containers. CH-debris created during disassembly would be placed in large cans (drums), which
would then be placed into standard waste boxes for transport and disposal at an appropriate CH-waste
disposal facility, depending on the characteristics of the waste. RH-debris would be transferred to the
RH-waste processing area, sorted at a waste sorter station, and reduced in size for packaging, removal,
and disposal.

The following initial RH-SC waste package processing equipment and steps are proposed.
e Aliner disassembly station would handle, unload, and disassemble liners and waste cans.

o Nondestructive assays (NDAs) would be used to quantify identifiable, separate items encountered
in the repackaging process (item assays), as well as items that have been packaged for shipment
(package assays). Both types of assays employ qualitative gamma-ray spectroscopy to identify
isotopes and quantitative gamma-ray spectroscopy (such as segmented gamma scanning,
tomographic gamma scanning, and whole-item corrected assays) to quantify isotopes whose
gamma rays are detectable. Both types of assays also use passive and active neutron
measurement methods to quantify fissile materials.

e A waste can size-reducing device would be used to compact CH-waste can tubes or cut the tubes
into smaller pieces suitable for denser packing in waste containers such as 208-liter (55-gallon)
drums.

e A sodium removal (melt-drain-evaporate) system would remove the sodium contained in some of
the RH-waste. The RH-waste would be placed in an evaporation vessel and heated to melt and
drain the sodium. The vessel would then be heated further under vacuum to remove sodium from
the crevices. Test demonstrations have shown a removal rate greater than 99 percent.

e A waste sorting station would disassemble waste cans and remove, resize, and sort waste into
various waste containers.

e An induction melter would consolidate irradiated and contaminated metal components that
require deep geologic disposition, including zircaloy and stainless steel. The melter would
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improve volumetric packaging in the waste containers without the particulate contamination
created by other mechanical size-reduction techniques.

e After completion of melt processing, the crucible containing the waste ingot would be removed
from the melter and transferred to the melter equipment-handling station, which would prepare
and load the crucibles, dump and sample the ingots, and package the ingots into waste cans.

2333 Sodium Processing

The FFTF reactor coolant systems and storage vessels contained about 980,000 liters (260,000 gallons) of
radioactively contaminated sodium. This sodium is stored in solid form under an inert cover gas (argon
or nitrogen) in four steel tanks located inside the 400 Area SSF. Management and disposition of this
sodium, along with 128,700 and 26,500 liters (34,000 and 7,000 gallons) of radioactive sodium from the
Hallam Reactor and the Sodium Reactor Experiment (SRE), respectively, are analyzed in this EIS. The
Hallam Reactor sodium is stored in solid form under an inert cover gas in five stainless steel tanks inside
the 200-West Area’s 2727-W Facility, a Butler-type steel building. The SRE sodium is stored in solid
form in 158 drums (208 liters [55 gallons] each) sealed within 322-liter (85-gallon) overpacks inside eight
storage modules located in the 200 Area CWC (Burke 2007). All of this bulk sodium would undergo a
sodium reaction process to produce a caustic sodium hydroxide solution at either a proposed Hanford
Sodium Reaction Facility (SRF) or the Sodium Processing Facility (SPF) at INL’s MFC. This caustic
solution would then be available for reuse in processing tank waste at the WTP or for supporting Hanford
tank corrosion controls. The following section provides a general process description that would apply to
either facility option, as well as a brief description of each facility.

2.3.33.1 Sodium Reaction Process

Elemental sodium is a silver, soft, ductile alkali metal at room temperature with a density slightly less
than that of water. It reacts vigorously with water and steam and oxidizes rapidly when exposed to air.
The basic chemical reaction is an exothermic reaction with water that produces a caustic sodium
hydroxide solution that yields hydrogen gas.

Liquid sodium would be transferred from a storage tank into the processing facility where the reaction
would be controlled by adjusting the injection rate of the liquid reactants. The process would take place
in a nickel pressure vessel. The entire system would use nitrogen as an inert cover and pressurizing gas.
Offgases emitted during the process would contain hydrogen, nitrogen, water vapor, and caustic vapor.
The gases would be exhausted from the vessel, dried, scrubbed, filtered through a high-efficiency
particulate air filter, and monitored before venting as a nonflammable nitrogen-hydrogen mixture. The
final caustic solution would be pumped from the reaction vessel to a fill station where transportation tanks
or drums would be used to contain it for storage.

The following descriptions detail the bulk sodium processing steps proposed by DOE.

e Bulk sodium would be transported to either INL’s SPF or Hanford’s SRF, where a sodium barrel
melt-and-drain system would remove the sodium from its packaging and transfer it into a sodium
storage tank.

e A sodium transfer system would transfer the bulk sodium to two carbon steel sodium day tanks
(so named because they will be sized to contain sufficient sodium for one day of processing),
each with a working volume of 16,300 liters (4,300 gallons). A pressurized nitrogen blanket
would be used to push the bulk sodium from the storage tank to fill one of the day tanks, while
the other day tank is used for processing.
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e The sodium reaction system would chemically convert the bulk sodium to a caustic sodium
hydroxide solution using a reaction vessel consisting of a 76.2-centimeter-diameter by 4.6-meter-
high (30-inch-diameter by 15-foot-high) corrosion-resistant vertical cylinder.

e A caustic transfer system would be used to pump (1) caustic sodium hydroxide solution from the
bottom of the reaction vessel and cycle it back to the vessel; (2) some of the solution into a
caustic cooling tank to reduce the temperature of the solution below the level necessary for
caustic corrosion; (3) some of the solution to the product system.

e In the product system, the caustic sodium hydroxide solution would pass through a product fill
line to be cooled prior to entering a product container. When filled, the container would be
sampled, sealed, inspected, and moved to a storage bay.

2.3.3.3.2 Sodium Reaction Facility—Hanford Reuse Option

The sodium reaction process used by the SPF at INL forms the basis for the Hanford Reuse Option using
the SRF. The SRF would be located directly adjacent to the existing SSF, as shown in Figure 2-18. This
proposed location would reduce construction and operations costs through utilities sharing and operation
integration. The SSF is located west of the FFTF Dump Heat Exchanger South and would be used to
store the bulk sodium until it could be transferred to the SRF for processing. Like the SPF, the SRF
would process the bulk sodium analyzed in this EIS to produce approximately 7,600 liters (2,000 gallons)
of 50 weight-percent caustic sodium hydroxide solution each day (ANL-W and Fluor Hanford 2002).
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Figure 2-18. Location of the Hanford Site Sodium Reaction
Facility and Sodium Storage Facility
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2.3.3.3.3 Sodium Processing Facility—Ildaho Reuse Option

The SPF is located within the MFC at INL and consists of several buildings, including the original SPF
building (with a large addition), a caustic storage tank room, an operations support trailer, the
Experimental Breeder Reactor 11 (EBR-I1) sodium boiler building, and the sodium transfer system located
in the yard area between the sodium boiler building and the SPF (see Figure 2-19).

ce: ANL-W and FIu Haford 2‘002.
Figure 2-19. Sodium Processing Facility at Idaho National Laboratory

The SPF is a 20.4-meter by 17.4-meter (67-foot by 57-foot) galvanized, structural-steel building
containing the barrel melt-and-drain room, barrel holding room, and equipment and control room, as well
as a carbon steel-lined concrete pad on which the process equipment is located. The barrel melt-and-
drain room has reinforced-concrete block walls and a reinforced-concrete roof. A 7.6-meter by
22.6-meter (25-foot by 74-foot) addition to the SPF building was constructed to house the product area,
and two storage bays with a combined outside dimension of 7.3 meters by 9.8 meters (24 feet by 32 feet)
are also attached. A small metal-sided building, constructed over a lined-concrete secondary-containment
basin and located west of the original SPF building, houses the caustic storage tank. An operation support
trailer provides office space, a lunchroom, a locker room, and showers for the operating crews. The
EBR-II sodium boiler building contains the secondary sodium drain tank, a recirculation system, and
pumps to transfer sodium to the SPF.

The EBR-1I/SPF complex was originally constructed in the mid-1980s to convert sodium from the Enrico
Fermi Nuclear Generating Station (Fermi), a commercial power plant near Detroit, Michigan, into a
50 weight-percent caustic sodium hydroxide solution designated for use in the plutonium-uranium
extraction (PUREX) process at Hanford. This designated use was abandoned after the SPF was
constructed, but before SPF operations began. Once the EBR-II reactor was ordered to be shut down,
defueled, and prepared for deactivation, the SPF was used to prepare the Fermi and EBR-II sodium for
disposal. Production operations with radioactive sodium began in 1998 and were completed in 2001.
The facility was then placed in a standby condition. To date, approximately 680,000 liters
(180,000 gallons) of radioactive sodium have been processed in the SPF. The SPF would process the
bulk sodium analyzed in this EIS to produce approximately 7,600 liters (2,000 gallons) of 50 weight-
percent caustic sodium hydroxide solution each day (ANL-W and Fluor Hanford 2002).
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24  SOLID WASTE MANAGEMENT ACTIONS

Each facility within the Hanford Solid Waste Operations Complex (SWOC) performs duties to achieve
waste management goals. These duties are generally complementary, and each facility contributes to the
overall process. However, some processes and activities are performed at more than one facility, either
because it is necessary or because it maximizes flexibility and project efficiency. The primary processes
for each facility include receipt, staging, storage, repackaging, treatment, and shipment of waste, all of
which must comply with the waste acceptance criteria.

24.1 Existing Solid Waste Operations Complex

The existing SWOC consists of five components, which are depicted in Figures 2-20 and 2-21 and
briefly described below. The SWOC units are currently operating under interim status standards as
RCRA treatment, storage, and disposal (TSD) units. A detailed description of these facilities is presented
in Appendix E, Section E.3.1.

24.1.1 Low-Level Radioactive Waste Burial Grounds

The low-level radioactive waste burial grounds (LLBGS) consist of eight separate waste disposal areas
consolidated into a single radioactive waste unit. Two burial grounds are located in the 200-East Area,
and six are located in the 200-West Area. The combined area of the burial grounds is about 220 hectares
(544 acres) (DOE 1997c). The LLBGs contain lined and unlined trenches of varying size and depth that
are used for disposal of LLW and MLLW and for retrievable storage of TRU waste.

Currently, LLW and MLLW are sent to RCRA-compliant trenches in LLBG 218-W-5 (trenches 31 and
34, the only lined trenches in the LLBGs) or the Environmental Restoration Disposal Facility.
Figure 2-22 shows one of the lined disposal trenches in LLBG 218-W-5. Naval reactor compartments are
sent to LLBG 218-E-12B (trench 94). Additional activities at the trenches include immobilization and
macroencapsulation of difficult-to-handle packages and radioactive lead solids. In general, most types of
waste packages are received, stored, or disposed of in the same manner. Active trenches are backfilled as
needed to minimize exposure and dose rates to operators. Backfilling a trench also minimizes the amount
of waste exposed to conditions that could cause package degradation and waste-handling accidents.

Ongoing TRU waste retrieval activities include uncovering and moving the waste containers that were
retrievably stored in LLBGs 218-W-4C, 218-W-4B, and 218-W-3A. Preliminary site investigations are
conducted in the burial grounds as needed to obtain in situ information regarding the current physical
condition of buried TRU waste containers and to determine the status of the environmental conditions
immediately surrounding the stored waste. Once stored waste locations are confirmed and conditions are
assessed, a few selected waste containers may be retrieved and characterized to provide additional
information for preliminary site investigations and prepare for the full-scale retrieval operations that will
follow (Weidert 2003).

2.4.1.2 Central Waste Complex

The CWC provides storage and staging for waste containers awaiting waste processing operations at other
waste management facilities. Primary activities include receiving and storing waste. The CWC’s main
buildings are shown in Figure 2-23, including Building 2403-WD, which has a radioactive waste storage
capacity of 17,500 drums. Other structures include the Low-Flashpoint Mixed Waste Storage Modules,
Alkali Mixed Waste Modules, South Alkali Metal Storage Modules, Mixed Waste Storage Modules,
Waste Receiving and Staging Area, Mixed Waste Storage Pad, 2420-W Cask Storage Pad, and Outdoor
Storage Area. The storage buildings and pads have physical features that provide segregated storage
areas to maintain appropriate separation between groups of incompatible wastes. The total CWC drum
capacity is 82,480 drums (Weidert 2003).
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